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For many years Elaphoglossum was 
classified conveniently by placing it in the 
Acrosticheae (Hooker & Baker, 1872; 
Diels, 1902) because of the “ acrosti- 
choid ”’ distribution of the sporangia, but 
the problem does not now seem so simple 
to pteridologists. Christensen (1938) 
created a subfamily, Elaphoglossoideae, 
at the end of his series of homosporous 
Filicales stating, ‘It is a natural sub- 
family of doubtful systematic position 
and perhaps polyphyletic. It seems to 
have reached a more advanced evolu- 
tionary condition than most other sub- 
families.” Ching ( 1940) established the 
family Elaphoglossaceae, of which he says 
“ a natural family of doubtful systematic 
position’. Holttum (1949) placed Ela- 
phoglossum in the subfamily Lomariop- 
sidoideae of his Dennstaedtiaceae and 
suggests an origin from Lomariopsis, 
possibly more than one origin in that 
genus. Copeland placed it in his Aspi- 
diaceae, stating that he “‘ recognized no 
near relatives except the two little genera 
[ Microstaphyla and Rhipidopteris | re- 
garded as its off-shoots’”’. Alston ( 1956) 
created a new family, Lomariopsidaceae, 
for the three genera Lomariopsis, Bolbitis 
and Elaphoglossum. In an extensive mor- 
phological and anatomical study of Ela- 
phoglossum and Rhipidopteris Bell ( 1950, 
1955, 1956 ) makes a comparison of species 
of Elaphoglossum and Rhipidopteris with 
the problem of fnding BUN DEREN. trends 
in the group. 


Materials and Methods 


This study began with a collection of 
spores of Elaphoglossum tectum ( Willd.) 
Moore and E. villosum (Sw.) J. Sm. by 
the senior author in Jamaica in 1948. 
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The gametophytes raised from these spores 
proved so interesting that we were very 
glad to extend our study when Mr P. R. 
Bell of University College, London, offered 
to send us spores from Ecuador while he 
was collecting there in 1951. The spores 
were sent by air mail in several lots soon 
after collection; most of them were viable 
and remained so for several months. Fila- 
ments of 2-4 cells were found occasionally 
in the packets indicating that spores had 
germinated in the sporangia or on the 
surface of the leaf. Following is a list of 
species which we have had in culture and 
the length of time for each: 

E. angustissumum (Fee) Christ Bell 

511, 829, 6 years 
E. boragineum (Sod.) Christ Bell 270, 


. piloselloides ( Pr.) Moore Bell 487, 
551, 825, 12 months 

. rimbachu (Sod.) C. Chr. Bell 281, 
680, 35 months 


35 months 

E. calaguala ( Klot.) Moore Bell 666, 
34 months 

E. caulolepia ( Karst.) Hier. Bell, 91, 
698, 6 years 

E. curvans ( Kze.) Moore Bell 816, 26 
months 

E. cuspidatum ( Willd.) Moore Bell, 7, 
32, 364, 750, 31 months 

E. gayanum (Fée) Moore Bell 692, 
6 years 

E. haynaldu (Sod.) C. Chr. Bell 280, 
6 years 

E. macrorhizum ( Bak.) C. Chr. Bell 528, 
34 months 

E. matthewsii (Fée) Moore Bell 683, 
2 months 

E. meridense ( Klot.) Moore Bell 668, 
30 months 

E. papillosum ( Bak.) Christ Bell 910, 
11 months 

E 

E 
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E. stenophvllum ( Sod.) C. Chr. Bell 212, 
663, 767, 799, 28 months 
E. xanthoneuron ( Kze.) Moore Bell 798, 
6 years 
E. tectum Bell 494 (large form), 6 
years. Jamaica, 1948 culture, 9 
years 
E. villosum 1948 culture, 3 years; 1954 
culture, 39 months 
Bell 742, 28 months 
Bell 749, 15 months 
The spores of Rhipidopteris peltata ( Sw.) 
Schott | Peltapteris peltata ( Sw.) Morton ] 
were sent to us from Haiti, Sept: 1955, by 
George R. Proctor of the Institute of 
Jamaica, and have been in culture for over 
two years. The spores of an undetermined 
species of Rhipidopteris, Bell 662, were 
sent from Ecuador in 1951; this species 
was in culture 13 months. 
Cultures of the spores were made on 
distilled water, on agar, on porous clay 
crock in water and over peat, and on peat. 


Spore and Thallus 


The spores of Elaphoglossum are of the 
bilateral type with an epispore which 
shows considerable variation in the sur- 
face markings of the different species. 
The most common type is that of 
E. gayanum (Fig. 1) with many folds and 
protuberances in the epispore. This type 
is relatively small; in E. gayanum averag- 
ing 35 x 22 u without the epispore; in 
E. haynaldii, 37 x 26 u; in E. cuspida- 
tum, 33 x 22 u; in E. tectum ( Jamaica), 
38 x 26 u; E. tectum (large form from Ecua- 
dor), 40 x 28 u. Most of our species 
were of this general magnitude. The spore 
of E. caulolepia ( Fig. 5 ) is relatively large, 
55 x 36 u, and resembles that of E. vil- 
losum (Fig. 2) but with larger folds. 
The spore of E. boragineum (Fig. 3), 


40 x 28 u, has a different type of epispore, 
as does that of E. papillosum, 38 x 24 u, 
( Fig. 4). 

The spore of R. peltata averages 60 x 
36 u without the epispore and has a 
characteristic spore coat with minute 
spines and heavy irregular bands ( Fig. 
50); the spore of R. sp. (Bell 662) is 
of the same type but slightly smaller, 
57035 m 

Germination of the spores occurred on 
distilled water in 8-10 days in some 
species, in 15-20 in others, and even later 
in a few cases. The germination filament — 
usually protruded from a lengthwise split 
in the spore coat, as in E. villosum ( Figs. 
6,7) and in E. gayanum (Fig. 9); but in 
some species, E. boragineum, E. matthewsii 
( Fig. 10), and also in Rhipidopterts ( Fig. 
51), the spore coat broke irregularly. A 
rhizoid usually appears on the basal cell 
at about the same time as the germination 
filament emerges (Figs. 6, 7, 11-14); a 
second rhizoid may appear later ( Fig. 18), 
or, less frequently, the filament may 
develop for some days, or even weeks, 
before a rhizoid appears (Figs. 8, 10). 
There is great plasticity and adaptability 
in the young thallus. The development 
of the primary filament shows many varia- 
tions which may be the result of different 
external conditions or of the age of the 
spore ; in some cases a second culture made 
when the spores were several months old 
developed more regularly than when the 
spores were fresh. 

The filament may broaden into a plate 
at an early age ( Figs. 11-14) or it may 
grow to considerable length before 
broadening occurs (Figs. 19, 21). The 
cells of the filament may be long ( Fig. 
19) or they may be-short (Fig. 21). 
There may be only a single cell of the fila- 
ment at the base of the plate, or more 


— 


Fig. 1. E. gayanum. 
E. caulolepia. 
40 days, 57 days. 
days, 39 days. 

17. E. gayanum, 10 weeks. 
21. E: piloselloides, 5 months. 


Fig. 10. E. matthewsii, 7 weeks. 
Figs. 15, 18. E. haynaldii, 11 weeks. 
Fig. 19. E. villosum, 3 months. 
Fig. 22. E. gayanum, 3 months. 


Fıss. 1-22 — Spore and early stages of gametophyte of Elaphoglossum. Figs. 1-5. Spores: 
Fig. 2. E. villosum. Fig. 3. E. boragineum. 
Figs. 6, 7. E. villosum, 20 days after planting; 22 days. 


Fig. 4. E. papillosum. Fig. 5. 
Figs. 8, 9. E. gayanum, 
Figs. 11-14. E. villosum, 36 days, 4 months, 40 
Figs. 16. E. cuspidatum, 5 months. Fig. 
Fig. 20. E. tectum, 55 days. Fig. 
Figs. 1-5. x 300. Figs. 6-11, 


73.14. x 225. Figs. 16, 17, 19. x 175. “Figs. 12, 15, 18, 20-22. x 110. 


Fics. 23-30 — Mature gametophyte of Elaphoglossum, broad form. Fig. 23. E. rimbachit, , 
3 months. x 16. Fig. 24. E. piloselloides, 6 months. x 30. Fig. 25. E. haynaldii, 2 years. x 7. 
Fig. 26. E. angustissimum, 10 months. x 14. Fig. 27. E. gayanum, 5 months. x 28. Fig. 28. 
E. gayanum, 8 months. x 14. Fig. 29. E. gayanum, 15 weeks. x 17. Fig. 30. E. gayanum, 
8 months. x 9. 
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frequently 2-4 cells ( Figs. 11-15, 22), or 
there may be as many as 15-20 ( Fig. 21). 
The plate may revert to the filamentous 
stage with both long and short cells ( Fig. 
17). The filament may branch and the 
two branches behave differently ( Figs. 16, 
22) or the two branches may develop into 
two plates so alike as to suggest twins. 
Vigorous cultures with a high percentage 
of germination usually have fewer irre- 
gularities than weak cultures. The plate 
is usually spatulate in its early stages. 
The cordate apex is late in appearance, 
perhaps correlated in this group with slow 
growth which is unfavourable to wing 
development. If the filament ends in a 
hair, as is usually the case in E. curvans, 
E. piloselloides ( Fig. 21), E. rimbachii and 
frequently in E. villosum ( Figs. 11, 13), 
the apical cell or meristematic region must 
develop from cells farther back. In 
E. gayanum ( Fig. 15), E. angustissimum, 
E. tectum, and various other species, while 
the primary filament may end in a hair, 
it is more common for the tip of the fila- 
ment to form a plate before a hair deve- 
lops ( Figs. 18, 20, 22). 

At maturity the thallus of Elaphoglos- 
sum is elongate-cordate with a midrib 2-6 
cells in thickness ( Figs. 133-135 ), varying 
not only with the age and external condi- 
tions but also with the species. In our 
cultures the thallus of E. haynaldi, 
E. gayanum, E. curvans, E. cuspidatum, 
E. macrorhizum, E. villosum and E. cala- 
guala when over a year old might attain a 
thickness of 5 cells, rarely 6 in E. haynaldu 
and E. villosum, while the thallus of E. an- 

gustissimum, E. meridense, E. boragineum, 
E. rimbachii, E. stenophyllum and E. tec- 
tum (Bell 494) over a year old were usually 
3, frequently 4, and rarely 5 cells in thick- 
ness. The midrib in some thalli, such as 
E. tectum ( Jamaica) may be so thin and 
narrow as to be scarcely perceptible even 
when several years old. In some thalli 
thick and thin regions may alternate along 
its length. This was especially notable in 
E. villosum ( Fig. 134 ), but it also occurred 
in E. gayanum, E. curvans, E. cuspi- 
datum and E. macrorhizum. As the thallus 
lengthens the midrib may become broader 
and more conspicuous, especially in those 
species which become cordate rather early. 
Broad areas of the midrib may alternate 


with narrower areas (E. angustissimum, 
E. meridense, E. stenophyllum ) so that a 
longitudinal section at the junction of the 
midrib and wing will resemble that in Fig. 
134 although a median longitudinal section 
shows a thallus with the same thickness 
throughout. Also, the midrib may be of 
the same thickness along its whole length 
(Fig. 135) as in E. haynaldii, E. boragi- 
neum, E. calaguala, E.tectum and E. xantho- 
neuron. 

There is a distinct difference in habit 
shown in the various species with a marked 
difference between the “broad type ” 
( Figs. 23-30) and the “narrow type” 
( Figs. 31, 32, 34-39). Narrow thalli may 
be found in cultures of the broad type 
when crowded (Fig. 33), but we never 
succeeded in converting the narrow into 
the broad type. As might be expected 
there are intermediate species. In some 
cases our cultures did not run long enough 
to enable us to classify them; in others, 
perhaps because of less vigorous cultures 
the type was not so definitely marked. 
The broad midrib was associated with a 
very abundant development of rhizoids 
on the ventral surface. In the broad type 
we have placed E. haynaldu, E. gayanum 
and E. pilosellordes as perhaps the best ex- 
amples; this type also includes E. angustis- 
sumum, E. curvans, E. cuspidatum, E. mac- 
rorhizum, E. meridense, E. boragineum, 
E. rimbachii and Bell 742. In-the narrow 
type we have placed E. tectum, E. villosum, 
E. calaguala, E. stenophyllum, E. xantho- 
neuron and Bell 749. The broad type in 
its cordate stage resembles the prothallus 
usually considered characteristic of the 
higher ferns. Elaphoglossum, however, 
differs conspicuously in the heavy deve- 
lopment of marginal rhizoids; and no 
species in our cultures produced the broad 
flat reniform prothallus found in many of 
the higher ferns. In general the thallus 
of Elaphoglossum and Rhipidoptens is of. 
the long-lived type, that is, the posterior 
part continues green for months or even 
years except in very crowded cultures 
(Figs. 32, 33), and as the thallus conti- 
nues to grow the result is a more or less 
ribbon-shaped structure. In many species 
the wings become crisped and curled but 
not to the extent that they cover the 
midrib. Ruffling occurred in both broad 
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and narrow types of thallus, but was more 


common in the latter; it was more marked 
in E. gayanum, E. haynaldu, E. tectum 
and E. stenophyllum than in E. curvans, 
E. villosum and E. xanthoneuron. 

The heavy and continuous development 
of rhizoids on the margin of the thallus 
is one of the characteristic and conspi- 
cuous features of Elaphoglossum. The 
rhizoids are reddish-brown, slender and 
firm in texture. The occurrence of chloro- 
plasts in rhizoids of young gametophytes 
israre. The first rhizoids on the plate are 
marginal but later there may be sub- 
marginal rhizoids near the base. The 


development of rhizoids on the ventral 
surface was always more or less delayed; 
in most cases they did not appear until 
the cushion was well formed, and arche- 
gonia had begun to develop. As a rule, 
if the midrib was slender the rhizoids were 
sparingly developed on the ventral surface 
( Figs. 32, 36 ), but if the midrib broadened 
and thickened there was a heavy growth 
of rhizoids on the midrib ( Figs. 25, 26, 
28 ). . Insome cases the growth of rhizoids 
on the margin then became scanty ( Fig. 
26), but in other cases marginal rhizoids 
continued to develop and appeared close 
to the apex ( Figs. 34, 37, 38). In a few 


Fics. 40-49 — Elaphoglossum. 
4 hairs in order of age, 12 weeks thallus; 7, rhizoid. Fig. 41. E. villosum, hair near apex on 


3 years old thallus. 
dorsal surface; B, margin; C, ventral surface. 


months old. Fig. 44. E. curvans, 2 years, marginal hair. 
46A, B. E. tectum; A, 7 months, ventral surface; B, 16 months, margin near apex. 
E. villosum, regenerated branches, 15 months thallus. 
Fig. 49. E. tectum ( Bell 494), thallus, 18 months old bearing 
Fig. 47A, B. x 70; €. x 9. Fig. 48: x 9. Fig. 49. x 14. 


regenerated branches, 24 years. 
sporophyte. Figs. 40-46. x 225. 


Hairs, regeneration, sporophyte. 


Fig. 40A-D. E. villosum, 


Fig. 42A-C. E. villosum, hairs from older region of 9 months thallus; A, 
Fig. 43A-C. E. rimbachii, hairs from thallus 27 


Fig. 45. E. calaguala, 11 months. Fig. 
Fig. 47A-C. 
Fig. 48. E. meridense, thallus with 
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cases where there was an overlapping of 
thalli, rhizoids developed only along one 
margin like a fringe. Septate and branch- 
ed rhizoids were found occasionally. 

The hairs are a conspicuous feature of 
the Elaphoglossum gametophyte, and also 
a characteristic one, if we may judge by 
our species. The hair begins as an ordi- 
nary one-celled papillate hair, terminating 
the primary filament, or later developing 
near the apical region on the margin or 
surface ( Figs. 11, 12, 129, 130). Chloro- 
plasts are present at first ( Fig. 40A, B) 
but they decrease in size, soon disappear, 
and a small excretion appears on the tip 
(Figs. 40C, D, 41). Very soon there 
appears a conspicuous cap which is per- 
sistent (Figs. 42A, 43A, 44-46A, B). 
The cap gives a positive reaction for wax 
with Sudan IV. It is distinctly firm, even 
brittle, and can be dislodged or broken 
but it does not collapse ( Figs. 42B, C, 
43B, C). It does not break down early 
or readily as is the case with the cap on 
the common type of glandular hair. The 
caps are usually large but do not vary in 
type except that some are longer especially 
near the apical region. The distribution 
on a thallus of E. villosum is shown in 
Fig. 38. The marginal cells which bear 
hairs sometimes show a marked projection 
beyond the surface, as is the case in 
the gametophytes of many ferns, e.g. 
Blechnum buchtienii Rosenst. (Stokey & 
Atkinson, 1952). While the hairs were 
abundant in all our species, they were 
especially so in E. villosum and E. cuspida- 
tum, and in those species the gametophyte 
often had a grayish-green velvety aspect. 

Branching of the mature thallus in- 
volving branching of the midrib was 
found in only 5 species—E. angustissimum, 
E. cuspidatum, E. gayanum (Fig. 30), 
E. haynaldii and E. rimbachii, all belong- 
ing to the group with the broad thallus. 

Regeneration of the gametophyte was 
not of common occurrence, but examples 
were found in E. haynaldii, E. meridense 
( Fig. 48), and E. rimbachii of the broad 
thallus group; and in E. stenophyllum, 
E. xanthoneuron, E. calaguala (Fig. 31), 
and E. villosum ( Fig. 47A-C ) of the nar- 
row thallus group. 

Growth and development in Rhipidop- 
teris is similar to that in Elaphoglossum. 


PHYTOMORPHOLOGY 


[ December 


After the irregular splitting of the spore 
coat a filament is produced ( Fig. 51). 
In our material the filament was not long 
nor were the cells long. The filament 
broadened sooner or later into a spatulate 
plate leaving 3-6 undivided cells at the 
base ( Figs. 52, 53). In some cases ir- 
regular branches formed near the base. The 
young plate may develop a wedge-shaped 
apical cell ( Fig. 53 ) followed by a marginal 
meristem at the apex, or the apical cell 
stage may be omitted. The thallus does 
not develop a markedly cordate form but 
elongates into a ribbon-shaped thallus 
with a lobed apex and an irregularly curly 
margin. ( Figs. 54-56). The cushion is 
thin reaching a thickness of 4 cells in old 
thalli; the intermittent midrib described 
above for Elaphoglossum (Fig. 134) is 
found also in À. peltata ( Fig. 107). The 
rhizoids of the mature thallus are light 
tan to reddish-brown, rather stiff, and 
form a conspicuous fringe with sub- 
marginal rhizoids at the base only ( Figs. 
54-56). Rhizoids develop later on the 
ventral surface either on the cushion or 
on its sides. The cushion is thin and 
narrow resembling that of E. tectum. 

The gametophyte of an undetermined 
species of Rhipidopteris from Ecuador 
( Bell 662) agrees closely with that of 
R. peltata. This species was not in culture 
as long but in its development and 
appearance at 13 months it was essentially 
like R. peltata. Very few rhizoids were 
found on the ventral surface and only on 
thalli over a year old. 

On neither species of Rhipidopteris were 
there any hairs seen at any stage. This 
is in marked contrast to the condition in 
all of the 19 species of Elaphoglossum 
studied in the mature stage. 


Sex Organs 


Cultures of Elaphoglossum matured 
slowly, although appearing vigorous and 
in good condition. Sex organs rarely 
developed before 4 months after planting, 
and in many cases not for 5-8 months or 
even a year. This is unusually slow for 
the higher ferns of which we have had a 
considerable number in culture; antheri- 
dia usually appear in 2-6 weeks, archegonia | 
in 4-10 weeks, and it is seldom that sex ! 
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organs are as late in appearance as 4 
months. 

In the broad form of the thallus of 
Elaphoglossum it is usual for the antheridia 
to appear first and to be followed by 
archegonia (Figs. 24, 26, 28); or the 
thallus may bear archegonia without 
going through the antheridial stage ( Figs. 
23, 29). In the slender form of the 
gametophyte there may be a similar suc- 
cession from antheridia to archegonia 
(Figs. 31, 36), but in this type it is 
common for antheridia to continue to 
form after archegonium development has 
begun. In such cases antheridia appear 
along the sides of the narrow midrib ( Fig. 


34), along the adjacent wings (Fig. 39), 
or intermittently among the archegonia 
( Fig. 35). The continued development 
of antheridia may also occur on the broad 
form of the thallus but fewer antheridia are 
formed than on the narrow type (Fig. 25 ). 
Antheridia are occasionally but not com- 
monly found on filamentous and flat amer- 
istic prothalli ( Figs. 83, 92). In some spe- 
cies, e.g. E. villosum, antheridia were very 
sparingly developed although the forma- 
tion of archegonia was moderately good. 
In Rhipidopteris there may be antheri- 
dia on the central part of the thallus and 
occasionally on the margin before the cus- 
hion forms, and the thallus may continue 


Figs. 50, 53-56. R. peltata. 


Spore and stages of gametophyte. 
Fig. 50. Spore. x 300. Fig. 51. gametophyte 31 days after 


Fics. 50-56 — Ses 
Figs. 51, 52. R. sp. ( Bell 662). 
BL cating spores. os Fig. 52. 61 days. x 70. Fig. 53. 12 weeks. x 115. Fig. 54. 11 
months. x 9. Fig. 55. 15 months old, antheridia and archegonia. x 9. Fig. 56. 16 months, 


‘twisted thallus with sex organs and regenerated branches. x 6. 


Figs. 57-74 — Antheridium, sections. Figs. 57-60, 62, 63, 69, 71. E. curvans. Figs. 61, 74. 
E. haynaldii. Figs. 64-67. E. angustissimum. Fig. 68. E. xanthoneuron. Figs. 70, 72, 73. E. 
tectum. Figs. 57-66. Development of antheridium. Fig. 67A, B. Mature antheridia with and 
without beak. Fig. 68. Large cap cell. Fig. 69. Elongate type. Fig. 70. Globular type. Fig. 
71. Large antheridium. Fig. 72A-C. A, B, spermatid with developing blepharoplast; C, free- 
swimming sperm. Fig. 73. Detail of outgrowth from ventral surface resembling a very large 


antheridium. Fig. 74. Portions of longitudinal section of thallus with outgrowths. All Figs. 4 


x 320, except Fig. 72. x 2000; Fig. 74. x 115 


é 
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to develop antheridia for a considerable 
period (Fig. 55). Ifconditions are favour- 
able, a vigorous thallus is produced, a 
cushion formed and archegonia develop, 
but antheridia may alternate with them 
or appear along the sides of the cushion. 


Antheridium 


The mature antheridium of Elapho- 
glossum is unusual in two respects: variety 
of form even on the same thallus, and 
frequent development of an elongate basal 
cell which may result in a pendulous 
antheridium ( Fig. 33). The development 
of the antheridium follows essentially the 
sequence described and figured by Davie 
(1951). The initial arises as a protube- 
rance on the surface of the thallus ( Figs. 
57C, 62B, 64A, 75 ), and a transverse wall 
divides it into an inner and outer cell. 
Following this division there are two 
types of basal cell which may develop: 
the wall common to the two cells of the 
antheridium may become _ depressed 
usually touching or nearly touching the 
basal wall ( Figs. 57A, 58) so that the 
basal cell is funnel-shaped; or, the first 
division is not followed by a depression 
of the middle wall, and a columnar base 
is formed which may elongate consider- 
ably ( Figs. 64B, 65, 76). In either case 
the outer cell of the antheridium then 
divides ( Fig. 59) forming an inner dome- 
shaped spermatogenous initial and an 
outer cell (Figs. 57B, 60A, 65). The 
latter divides again (Figs. 60B, 61), 
forming a cap cell ( Figs. 62A, 64B, 66). 
Then forms a variable number of sperms 
( Figs. 67-71). Stages in the development 
of the blepharoplast may be seen in the 
spermatid (Fig. 72A, B). 

The form of the mature antheridium 
may be globular with a wide or narrow 
base (Figs. 70, 80, 85), or with a long 
columnar base (Figs. 67B, 78, 84); it 
may elongate with a base that is short 
(Figs. 69, 82, 87), or very long ( Fig. 
79); it may be ovoid (Fig. 86); and 
there may be intermediates (Figs. 77, 
81). Chloroplasts are numerous in the 
wall'of the young antheridium ( Figs. 75, 
76) persisting until maturity in some 
antheridia but not in others. The un- 
divided cap cell of the antheridium varies 


considerably in size and form. It may be 
nearly as wide as the antheridium ( Figs. 
68, 79, 87) or considerably smaller ( Figs. 
69, 70, 78, 81). It often bulges at one 
side ( Figs. 68, 83, 92A ), sometimes to 
such an extent that a beak is formed 
( Figs. 67A, 88). Since active sperm are 
shed from antheridia with beaks ( Figs. 
89, 92B ) the unusual form does not appear 
to be an abnormality associated with old 
age or other factors, although this may 
sometimes be the case. 

The mature antheridium varies con- 
siderably in size as well as form ( Figs. 69- 
71, 80, 87). On the posterior region of 
E. tectum there were antheridia with the 
usual 3-celled wall which were almost 
twice the size of those maturing at the 
anterior end (Figs. 93, 94). There is 
variation also in the angle of growth; it 
may be approximately perpendicular to 
the thallus but more frequently it is in- 
clined towards the posterior end ( Figs. 
33, 63, 78-80, 82). 

The sperm are shed through a lateral 
pore in the cap cell ( Figs. 89, 90, 92) and 
they swim away almost as soon as they 
are released. Many antheridia did not 
open; of the several types noted, the small 
globular antheridium discharged sperm 
most readily (Figs. 90, 91). The free- 
swimming sperm contains a nucleus which 
reaches nearly to the anterior end. 
Numerous cilia appearing to be in groups 
arise from granules in the central portion 
of the body (Fig. 72C ). 

On old gametophytes (E. haynaldii, 
E. tectum, E. villosum ) outgrowths appear 
on the ventral surface of the cushion or on 
its sides ( Fig. 74). These contain sperm 
and some of them resemble a very large 
antheridium whose walls have become 
multicellular with age (Fig. 73), but as 
they also produce hairs it is possible that 
they are a kind of regeneration. Similar 
growths were found in the Osmundaceae 
(Stokey & Atkinson, 1956). Occasion- 
ally antheridia arise from outgrowths of 
1-2 cells from the surface of the thallus 
( Figs. 95,96). There were a few antheri- 
dia which had a divided basal cell ( Fig. 
97) or ring cell ( Fig. 98). 

The antheridium of Rhipidopteris is 
larger than that of Elaphoglossum but its 
development appears to be the same ( Figs. 


ole 
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Fics. 75-98. 
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104, 105). The variations in form of the 
mature antheridium are similar to those of 
Elaphoglossum: globular with a broad base 
( Fig. 100B ), or with a narrow base ( Figs. 
99, 100A ), elongated (Fig. 101 ), ovoid 
(Fig. 106). The long columnar base, 
common in Elaphoglossum, was not noted 
in Rhipidoptens. The cap cell may be 


99 


106 
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Fics. 99-108 — Rhipidopteris peltata. 
Figs. 101, 106. 


Figs. 99-102. Various forms, side view. Fig. 103. Top view. 
Fig. 106. Conical form. Fig. 107. L.s. of thallus with details indicated by arrows. 


slightly unsymmetrical (Fig. 102), and 
it is undivided (Figs. 99-103, 106). 
Dehiscense was not observed. 


Archegonium 


The archegonium of Elaphoglossum deve- 
lops in the usual manner ( Figs. 109-121 ). 


101 


Figs. 99, 100, 102-105, 107, 108. R. sp. ( Bell 662), 
Figs. 99-104, 106. External views of antheridium. Figs. 105, 107. Sections. 
Figs. 104, 105. Young stage. 
Fig. 108. 


L.s. of mature archegonium. All Figs. x 320; except Fig. 107; section. x 12, details x 75. 


<—. 


Fics. 75-98 — Antheridium, Elaphoglossum, external views. 
Figs. 80, 82, 85, 90, 91, 96. E. stenophyllum. Fig. 81. E. calaguala. 


Fig. 78. E. curvans. 


Figs. 75-77, 79. E. gayanum. 
Figs. 


83, 88, 92. E. cuspidatum. Fig. 84. E. angustissimum. Fig. 86. E. papillosum. Figs. 87, 89. 


E. boragineum. 
E. meridense. Fig. 75. Antheridial initial. 
sizes of mature antheridia, see text. 


Figs. 93, 94. E. tectum. Fig. 95. E. rimbachii. 
Fig. 76. Young stage. 
Fig. 89. Dehiscense of antheridium with beak. Figs. 90, 


Fig. 97. E. haynaldii. Fig. 98. 
Figs. 77-88. Various forms and 


91. Dehiscense of small antheridium. Fig. 92A, B. Antheridium on filament; A, before dehi- 


scense; B, after. 
96. Antheridia on outgrowths from thallus. 
ridium. All Figs. x 320. 


Figs. 93, 94. Extremes in size of antheridia borne on same thallus. 
Figs. 97, 98. Anomalous divisions in wall of anthe- 


Figs. 95, 
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The initial is not formed as close to the 
notch as in many ferns; instead, young 
hairs often appear as the early products 
of the meristem initials ( Figs. 129, 130 ). 
The archegonium often appears on a 
thallus only 2 cells thick ( Fig. 133). The 
“tier of three ” which is so characteristic 
of most ferns is not developed conspi- 


Fics. 109-130 — Archegonium, Elaphoglossum. 


118, 130. E. angustissimum. 
Figs. 116, 124. E. villosum. 
109. Archegonial initial. 


Mature, curved neck. 
gonium, neck canal nuclei in division. 


130. L.s. tip of thallus with hairs and archegonia. 
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Figs. 117, 127. E. boragineum. 
Figs. 120-122. E. haynaldit. 
Fig. 110. Division of initial. 
Figs. 121-123. Mature, straight neck. Fig. 124. T.s. tip of neck with vacuoles. 
Fig. 127. Young stage at margin of cushion. 
Fig. 129. Section young hair, near archegonium. Fig. ; 
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cuously, if at all, and the basal cell 
often cannot be identified (Figs. 114, 
115, 119); the cells of the thallus below 
the egg seem to take its place in completing 
the ventral jacket (Figs. 122, 125, 126). 
The mature archegonium is characterized 
by a bulbous neck inclined away from the 
notch, a vacuolate neck canal, and a wide 


Figs. 109-112. E. cuspidatum. Figs. 113, 
Figs. 115, 123, 129. E. tectumi 
Figs. 125, 126. E. stenophyllum. Fig. 
Figs. 111-120. Stages in development. 
Figs. 125, 126. 
Fig. 128. Anomalous arche- 


All Figs. x 320; except Fig. 130. x 115. 


1957] STOKEY & ATKINSON—SPECIES OF ELAPHOGLOSSUM & RHIPIDOPTERIS 289 


ventral canal cell ( Figs. 122, 126). The 
neck of the archegonium just reaching 
maturity is short and more or less straight 
( Figs. 122, 123); as the neck enlarges it 
curves. In our material of E. stenophyl- 
lum and E. tectum the curvature is so great 
that the tip of the neck approaches the 
surface of the thallus (Figs. 125, 126). 
Most sections of archegonia show vacuoles 
in the binucleate neck canal cell (Fig. 
123). These are so numerous at the tip 
that a section through the distal end shows 
them as a ring surrounding the upper 
nucleus (Fig. 124). No archegonia were 
found in which there was a 4-nucleate neck 
canal, but in one anomalous archegonium 
both neck canal nuclei were about to 
divide (Fig. 128). Fig. 127 shows a 
young archegonium with a wedge-shaped 
central cell; this appearance is common 
in young archegonia growing at the side 
of the thick cushion on an old thallus. 

The archegonium of R. pellata is larger 
than any seen in Elaphoglossum. Except 
in size it is like that of Elaphoglossum. It 
has a bulbous neck curved away from the 
notch, a vacuolate binucleate neck canal 
cell, and a wide ventral canal cell ( Fig. 
108). The neck cells divide at the base 
making a thick neck at maturity. The 
cells of the thallus form a ventral jacket 
in which the basal cell is not recognized 
with certainty. No embryos were ob- 
tained in either species of Rhipidopteris. 

Sporophytes appeared in the cultures 
of Elaphoglossum from time to time, 
usually after the cultures were a year old, 
often in considerable numbers, chiefly in 
E. angustissimum, E. cuspidatum, E. hay- 
naldii, E. rimbachiu, E. stenophyllum, 
E. tectum ( Jamaica) and E. tectum, Bell 
494 (Fig. 49). Itisnot uncommon for 2 
embryos to develop on a thallus, one of 
which grows and the other degenerates 
(Figs. 131, 132). In the growing multi- 
cellular embryo those basal cells, usually 
referred to as the foot, show an interest- 
ing development. In sections running 
through the periphery of the embryo still 
enclosed in the venter, the foot cells are 
very large; they have enlongated and 
pushed into the tissue of the thallus below 
(Fig. 132). Similar sections across the 
root of an embryo just breaking out of the 
venter show the foot cells still farther 


elongated and lobed. In none of the 
embryos of other ferns have we met with 
cells which indicated this haustorial 
character. 


Discussion 


The gametophyte of Elaphoglossum and 
Rhipidopteris is distinctive within the 
limits of a relatively simple structure. It 
has the characteristics of an advanced and 
of a specialized type. The early stages 
show plasticity and adaptability with a 
wide range in form, such as is character- 
istic of advanced ferns. The thin thallus 
is an advanced type. The long ribbon- 
like thallus may, perhaps, be related to 
the epiphytic habit and the relative uni- 
formity of conditions in the tropical 
forest. Growth and development are 
much slower than in the terrestrial ferns 
of the “temperate ’’ climates. The rela- 
tively sparse development of regenerated 
structures may be a correlation with the 
long life of the thallus. The marginal 
rhizoids are a specialized character, per- 
haps related to the epiphytic habit of 
many species of the group, but so far as 
is known, they are not characteristic of 
epiphytes. They are lacking in Platy- 
cerium (Stokey & Atkinson, 1954) and 
many other epiphytes, but the only 
gametophytes in our cultures which have 
shown a similar habit, Selliguea feei and 
the Grammitid ferns, are epiphytic. 

The hairs with their large waxy caps 
are an interesting and conspicuous feature 
in Elaphoglossum, and their absence in 
Rhipidopteris adds to their interest. Our 
two species of Rhipidopteris have a thin 
ribbon-like thallus with a narrow midrib, 
the type which we interpret as advanced 
or specialized, not the original type in the 
group. In such a genus as Asplenium in 
which hairs varying in type or number 
may be present or absent ( Wagner, 1953 ), 
their significance may not be the same as 
in Elaphoglossum and Rhipidopteris where 
the distinction is sharply drawn. The 
presence or absence of hairs on the gameto- 
phyte is by no means always a generic 
character, but in this case it may indicate 
that the groups have been separated over 
a long period. This is in line with the 
work of Wagner ( 1951, 1954) on the leaf. 


TA? 


ig red 
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Fics. 131-135 — Section of thallus and embryo. Figs. 131, 132. E. tectum. Fig. 133. E. 
piloselloides. Fig. 134. E. villosum. Fig. 135. E. haynaldii. Fig. 131. Section through root of 
young embryo, cells of root extended and lobed; second embryo disintegrated. x 180. Fig. 
132. Two embryos, each within venter. x 180. Fig. 133. Young thallus, archegonia on thallus 
2 cells thick. x 75. Fig. 134. Thallus with interrupted cushion. x 24; details indicated by 
arrows. x 75. Fig. 135. Cushion not interrupted. x 24; details indicated by arrows. x 75. 
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He indicates possible lines of descent in 
the group which includes Elaphoglossum, 
Microstaphyla and Rhipidopteris, suggest- 
ing that additional criteria are desirable 
for these divisions which are based pri- 
marily on leaf form. 

The sex organs conform in type to those 
of the higher ferns. The tendency to- 
wards a reduction of the basal cell in the 
archegonium may be an advancement or 
a specialization. The antheridia are often 
rather large, sometimes of almost a giant 
size, but the structure is never that of a 
primitive antheridium. The elongation 
of the antheridium is a specialization 
found in other groups, such as Blechnum. 
There is not only variation in size and form 
in the various species of Elaphoglossum 
but considerable variation within a species. 
Although there are similar variations 
found in other genera of higher ferns, in 
the present state of our knowledge they 
do not give any indication of relation- 
ship. 

The chromosome number of 41 ( Manton 
& Sledge, 1954) suggests a position in 
the Aspidiaceae. This is Copeland’s 
largest family, and little or nothing is 
known of the gametophytes of some of the 
genera important in relation to the classi- 
fication of Elaphoglossum. In our cultures 
of many species belonging to 22 genera of 
the Aspidiaceae we have not found a 
similar type, although it may well exist 
in so large a family. The gametophyte 
of Dryopteris filix mas, probably the best 
known of all fern gametophytes, is broad- 
cordate and has glandular hairs. In the 
Aspidiaceae hairs with glandular caps are 
common and in some cases the caps have 
the waxy character of those in Elapho- 
glossum, but we have found no other genus 
in which this character is so uniform and 
so highly developed. The broad-cordate 
form of Elaphoglossum in some of its early 
stages is similar to that of Dryopteris, but 
it should be noted, it is similar to that of 
several other families of higher ferns. 
The gametophyte differs from the type of 
Dryopteris in the greater tendency of the 
thallus to elongation, the intermittent 
midrib, the development of hairs with 
heavy waxy caps, and particularly in the 
vigorous development of marginal rhi- 
zoids. The narrow form differs in a still 


greater degree. The chromosome number 
is of high importance in determining the 
classification of Elaphoglossum and Rhipi- 
dopteris. It is the sporophyte with its 
greater complexity of structure which will 
determine the relationships, but the game- 
tophyte may be of assistance in suggesting 
species which are nearest to the other 
groups of higher ferns. We need a wider 
knowledge of the gametophyte of tropical 
ferns belonging to the critical groups. 
The specialized characters of the gameto- 
phyte of Elaphoglossum and Rhipidop- 
teris are not such as to rule them out of 
the Aspidiaceae, or to indicate relation- 
ship to any other family, or the necessity 
or desirability of a special family, as 
suggested by Ching, for this group alone. 


Summary 


On germination of the spore of Elapho- 
glossum a filament is formed which may 
be short or long, with or without a terminal 
hair. The plate is spatulate at first; a 
cordate apex develops slowly. The thal- 
lus is of slow growth but is long-lived with 
a persistent base, and becomes more or 
less ribbon-like usually with crisped wings. 
In some species the midrib is narrow and 
thin, 2-4 cells; in others it is broader and 
thicker, 3-6 cells. In both types the 
cushion may be intermittent. The rhi- 
zoids are reddish-tan, firm and slender. 
The early rhizoids are marginal only; 
development of marginal rhizoids conti- 
nues throughout the life of the thallus. 
A few rhizoids may arise on the surface 
at maturity, and their development be- 
comes dense if the midrib becomes broad. 
The 19 species of Elaphoglossum which 
reached maturity had a dense development 
of hairs with firm waxy caps. The deve- 
lopment and character of the gametophyte 
of Rhipidopteris is similar to that of the 
slender form of Elaphoglossum, except that 
it has no hairs. 

The antheridia are more or less elon- 
gated varying in size and form; they have 
the usual 3-celled wall of the higher ferns; 
the basal cell may be funnel-shaped or 
columnar, often considerably elongated. 
Dehiscence is by a pore in an undivided 
capcell. The archegonium is sharply curv- 
ed away from the notch with a bulbous 


292 


neck; a clearly defined basal cell is often 
lacking. More than one embryo may 
begin development on the thallus: the 
embryo which survives develops a haus- 
torial foot. 

Part of this investigation was carried 
out by the senior author in the Marine 
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Biological Laboratory, Woods Hole, 
Mass. 

The junior author wishes to express her 
gratitude to the Biology Department, 
Amherst College, Amherst, Mass., for many 
courtesies and certain technical assis- 


tance. 
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INTRACARPELLARY POLLEN GRAINS 
IN ANGIOSPERMS 


B. M. JOHRI & S. P. BHATNAGAR 
Department of Botany, University of Delhi, Delhi, India 


During a study of the embryology of the 
Butomaceae! intracarpellary pollen grains 
were observed in Butomopsis ( Johri, 1936). 


1. Of the four genera formerly comprising the 
Butomaceae, Butomopsis, Hydrocleis and Limno- 
charis have now been transferred to the Alisma- 
ceae and only Butomus has been retained in the 
Butomaceae ( Pichon, 1946 ). 


Since then this feature has been reported 
in Moringaceae — Moringa ( Puri, 1940); & 
Liliaceae — Trillium (Johri & Eunus,. 

1950 ) ; Erythronium ( Haque, 1951); Ami- 
anthum (Eunus, 195la); Fritillaria: 
(Eunus, 1951b); and Hydrocharitaceae” 
—Ottelia (Islam, 1950). Recently,, 
several other plants showing the sameël, 
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phenomenon were investigated and a com- 
parison made’of the nature of the pollen 
grains within a mature anther and those 
found inside the ovarian cavity. 
Limnocharis emarginata L. ( Alismaceae) 
— Material of this species was very kindly 
sent to us many years ago by the late Pro- 
fessor K. Suessenguth ( Munich ) and by 
Miss H. M. Rusk (Brooklyn Botanic 
Garden, N.Y.). Subsequently one collec- 
tion was made in 1952 from the Agri- 
Horticultural Garden, Calcutta. A good 
many carpels showed pollen grains not 
only on the stigma, but also in the stylar 
canal ( Figs. 1, 2) and within the ovary 
(Fig. 4). One ovary contained as many 
as 95 pollen grains (Fig. 4). A few of 
them had germinated at the junction of 
the stigma and the stylar canal, and in one 
instance a pollen grain lying adjacent to an 
ovule showed signs of germination (Fig. 5). 
Butomus umbellatus L. ( Butomaceae ) 
— Collections were made from Lucknow 
during 1934 and 1936, and in 1935 some 
material was received from Dr M. Dra- 
cinschi (Rumania). Intracarpellary pol- 
len grains ( Figs. 6-8) were less frequent 
than in Limnocharis and were invariably 
bi-celled. The dehisced anthers also 
showed bi-celled pollen grains (Fig. 9). 
Probably the generative cell divides only 
after germination of the grain on the 
stigma. Holmgren ( 1913 ) also states that 
he was unable to establish, owing to the 
paucity of material, whether the generative 
cell divides while the pollen grain is still 
within the anther or later in the pollen tube. 
Hydrocleis nymphoides Buchen. ( Alis- 
maceae ) —In 1936, Professor K. Sues- 
senguth generously provided eight pre- 
parations of this plant which were 
probably made in connection with his work 
(1921 ) onitsembryology. These showed 
the presence of pollen grains in the ovary 
(Figs. 10, 11, 13, 14) which were mostly 
3-celled ( Fig. 14), although a few showed 
the uninucleate condition (Fig. 11). 
Boottia cordata Wall. ( Hydrocharita- 
ceae } — Material of post-fertilization 
stages was obtained in 1936 through the 
courtesy of Dr A. C. Joshi ( Banaras ). 
Two-celled pollen grains were observed in 
the ovary (Figs. 16, 17) but were rather 
infrequent. Fig. 18 shows a mature pollen 
grain from the anther. 
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Trillium (Liliaceae ) — In 1949, Miss 
C. H. Pratt (Harvard University) and 
Professor M. W. Bannan (Toronto) 
kindly supplied material of Trillium erec- 
tum and T. grandiflorum respectively. 
Some flowers of T. sessile var. giganteum 
were sent from California by Dr M. S. 
Cave and Dr J. Rattenbury. The pollen 


( cw, 


emarginata. 
carpel wall; ov, part of ovule; p, pollen grain.) 
Fig. 1. L.s. carpel showing pollen grains in the 
style; the ovules are at the 3-nucleate embryo 


Fics. 1-5 — Limnocharis 


Fig. 2. One of the pollen 
grains from Fig. 1. x 353. Fig. 3. Mature 
pollen grain from the anther. x 353. Fig. 4. 
L.s. old carpel with numerous pollen grains in 
the ovary; the ovules contain young proem- 
bryos. x 11. Fig. 5. Enlarged view of a portion 
of the ovary showing a germinated pollen grain 
adjacent to an ovule. x 353. 


Sacristage x ule 
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6-9 — Butomus Figs. 6, 


Fics. 
7. L.s. carpels showing one pollen grain each 
in the style and ovary respectively; the ovules 
are at the 4-nucleate embryo sac stage. x 16. 
Fig. 8. Pollen grain enlarged from Fig. 7. x 524. 
Fig. 9. Same as above, from anther. x 524. 


umbellatus. 


grains were 2-celled and were frequently 
seen inside the ovary. In T. sessile var. 
giganteum, a germinating pollen grain was 
noticed in the vicinity of an ovule ( Figs. 
19-21). 

Table 1 shows the diameters of the 
pollen grains ( both in the anther and the 
pistil ) and the stylar canal of Limnocharis 
( Fig. 3), Butomus ( Fig. 9) and Hydro- 
cleis ( Figs. 12, 15). 
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TABLE 71° 


NAME OF PLANT DIAMETER IN MICRONS 


=, 
Mature  Intra- Stylar 
pollen ovarian canal 
from pollen 
anther 
Limnocharis 
tri-celled pollen 5:8 6-50 17-5 
grains 
Butomus 
bi-celled pollen 6:0 6:50 20-0 
grains 
Hydrocleis 
a. uni-nucleate 5:0 5:25 12-5 
pollen grains 
b. tri-celled 7.3 8-00 15-0 


pollen grains 


The slightly increased diameter of the 
intra-ovarian pollen grains appears to be 
due to a swelling caused by the mucilage 
in the style. 

Germinating pollen grains in the ovary 
were observed only in Limnocharis emar- 
ginata and in Trillium sessile var. gigan- 
teum besides Butomopsis lanceolata describ- 
ed previously ( Johri, 1936 ). 

In Limnocharis, the ovaries containing 
pollen grains bore ovules showing a wide 
range of stages from the 3-nucleate embryo 
sac to 6-celled proembryos. The ovules 
of Butomus were mostly at the 4-nucleate 
embryo sac stage while those of Trillium 
and Boottia contained mature embryo sacs. 
In Hydrocleis the ovules were at the 
dyad stage and the pollen grains were 
uninucleate. In older ovaries, which con- 
tained 3-celled pollen grains, the ovules 
showed 3- or 5-nucleate embryo sacs. 

Concerning the problem of the mode of 
entry of the pollen grains into the pistil, — 
Sahni (1936) made the following com- 
ments on Butomopsis: ‘It seems im- 
possible to explain the entry of these 
spores, even into the upper part of the 
canal, except on the assumption that they 
were drawn in by some sort of suction 
mechanism like that of the ‘ stigmatic 
drop’ of gymnosperms, the stylar canal 
functioning like a micropyle.” Referring 
to Moringa, Puri (1940) first thought 
that some small insects might have acci- 
dentally pushed the pollen mass down- | 
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Fics. 


10-15 — Hydrocleis Fig. 


nymphoides. 
|0. L.s. young carpel showing pollen grains 
ying adjacent to the ovules which are at the 


jyad stage. x 14. Fig. 11. Enlarged view of 
pollen grain from Fig. 10. x 473. Fig. 12. 
same, from a young anther. x 473. Fig. 13. 


L.s. carpel containing pollen grains; the ovules 
show 3- or 5-nucleate embryo sacs. x 14. Figs. 
4, 15. Three-celled pollen grains from Fig. 13 
und from a mature anther. x 473. 


ward. However, on keeping the branches 
free from insects, and resorting to arti- 
ficial pollination, pollen grains were still 
»bserved to have found their way into the 
style. He concluded: “ Gravity is out of 
question in this connection; for if it can 
work at all in this case, it must be in the 
ypposite direction, since the styles are bent 
lownwards in open flowers. The only 
ther explanation, therefore, is that there 
s some sort of suction mechanism as was 
suggested by Sahni ( 1935-36 ) in connec- 
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tion with a similar report on Butomopsis 
lanceolata ( Johri, 1935 ).” 

_Adatia (1946) attributed an evolu- 
tionary significance to the presence of pol- 
len grains in the carpels of Anona and 
Artabotrys ( Anonaceae ). This report has, 
however, been contradicted by Rao & 


16 18 


Fics. 16-18 — Boottia cordata. Fig. 16. L.s. part 
of ovary; the ovules are at the mature embryo 
sac stage. x 18. Figs. 17, 18. Pollen grains 
from Fig. 16 and from a mature anther. x 595. 


2 
Fics. 19-21 — Trillium sessile var. giganteum. 


Fig. 19. T.s. ovary showing a pollen grain; the 
ovules are at the mature embryo sac stage. 


X 15. Fig. 20. Germinating pollen grain from 
Fig. 19. x 495. Fig. 21. Same, from another 
ovary. X 495. 
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Gupte (1951). According to them the 
stylar canal in Artabotrys is occluded due 
to the presence of hairs, thus making it 
impossible for pollen grains to enter the 
ovary. 

Whether the condition in Butomopsis 
has any bearing on the relationships of 
gymnosperms and angiosperms is difficult 
to say but the fact that even a free nuclear 
embryo has now been recorded in an un- 
doubted angiosperm ( Yakovlev & Yoffe, 
1957) indicates that the demarcation 
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between the two groups is probably not 
so hard and fast as would appear from 
textbook statements. Future investiga- 
tions of primitive groups of angiosperms 


may shed further light on this intriguing | 


problem. In the meantime, it seems de- 
sirable that more adequate attention is 
paid to a study of the style and sitgma 
which are often removed at the time of 
fixing the material. 

We are grateful to Professor P. Mahesh- 
wari for his keen interest. 
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ON CERTAIN ASPECTS OF THE DEVELOPMENT 
OPZTHRSPEATZORCOCOSENVCIFERAIL., 


G. VENKATANARAYANA 
Agricultural College, Bapatla, India 


Introduction 


The development of the palm leaf has 
been drawing the attention of several emi- 
nent botanists for the last one hundred 
years. However, there is no unanimity of 
opinion on the origin and formation of the 
characteristic plications of the palm leaf. 
The coconut tree (Cocos nucifera L.) is a 
common feather palm in South India. No 
detailed study of its leaf development has 
been made so far. The present paper 
which deals with some aspects of the de- 
velopment of the leaf in the coconut palm 
was started at the Agricultural College and 
Research Institute, Coimbatore, in 1934 
and continued at the Coconut Research 
Stations, Kasargod and Nileshwar, South 
India. 


Materials and Methods 


The material was obtained from well de- 
veloped coconut palms of about 25 years 
old. The growing points and the leaves of 
various stages were fixed in formalin- 
acetic-alcohol. These were dehydrated in 
the customary manner and finally im- 
bedded in paraffin. Microtome sections 
were cut at 12 to 15y and stained with 
Delafields haematoxylin. Growing points 
of still older trees and of seedlings two to 
three years old were also examined. In 
addition, growing points of Phoenix farini- 
fera, P. sylvestris, Elaeis guineensis ( fea- 
ther palms) and Borassus flabellifer (fan 
palm ) were also examined for comparison. 


Observations 


EXTERNAL MORPHOLOGY — The leaves 
in the crown of the coconut palm can be 
broadly grouped into (i) the unopened 
leaves in the bud ( cabbage ), and (ii) the 


fully opened leaves. In the centre of the 
crown is an erect sword-leaf (Fig. 1), 
consisting of several leaflets tapering to- 
wards the tip. The leaf is of the feather 
type and attains an overall length of 17 
to 20 ft. when fully developed. It con- 
sists of (a) a leaf base clasping the stem, 
(b) a stalk, four to five feet long, and (c) the 
“ Leaf-limb ’ with a central rachis bearing 
on either side numerous narrow leaflets 
each about five feet long. Each leaflet 
consists of a strong midrib with half of 
lamina on each side. The middle leaflets 


are longer, and the end ones are shorter. 


Fic. 1. Crown of a young palm with the 
sword leaf in the centre. 
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Usually, one leaf is formed in a month, 
and similarly a leaf is shed about the same 
period. 

DEVELOPMENT OF THE LEAFLET — À 
longitudinal section of the growing point 
shows the stem apex consisting of actively 
dividing cells. Below the apex are leaf 
primordia in various stages of develop- 
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ment. They arise as small knob-like 
lateral protrusions (Figs. 8, 14) which 
extend laterally around the growing point 
in the form of an inverted cone ( Figs. 2, 
3,8). About seven months after the leaf 
primordium becomes distinguishable, the 
tip of the inverted cone begins to develop 
into the blade and the basal portion 


Fics. 2-6 —( B, leaf blade; CT, cushion of tissue; L, developing leaflets; M, margin of the 


blade; RA, rachis; SH, sheath). Fig. 2. Growing point with the inverted cone-shaped young 
leaf. x 3. Fig. 3. Single cone-shaped leaf with sheath and blade. x 4. Fig. 4. Blade enlarged. 
< 8. Fig. 5. A part of the dorsal view of the leaf showing the cushion of tissue, Fig. 6. AM 
seedling with simple leaves and terminal whip, | 7 ’ 
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Fie. 7. (L, leaflets; R, rein; T, terminal whip; 
UL, united leaflets ). Upper portion of the leaf 


with marginal rein and whip-like terminal 
structure, and a few leaflets not separated. 


remains as the sheath encircling the grow- 
ing point. The blade further differentiates 
into a thick middle region, the rachis, and 
the two sides. The leaf blade at this stage 
consists of actively dividing cells full of 
deeply staining contents, excepting the 
extreme margin of the blade which remains 
as a distinct layer ( Figs. 2-4). 

In the early stages the rudimentary 
blade exhibits, on both the surfaces, 
shallow furrows and ridges formed by 
differential growth. The furrows of one 
side are opposite the ridges on the other 
side (Figs. 9-11). The leaflets are formed 
by schizogenous splitting (Figs. 15, 16, 
17). Even before the commencement of 
the actual splitting the line along which 
the splitting is to occur is discernible. 
The splits may occur anywhere in the line 
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and extend on either side ( Figs. 10, 12,15). 
The dorsal ( abaxial ) splits extend up to 
the ventral ( adaxial ) ridges in which the 
initials of the midribs of the leaflets are 
being laid down. The ventral splits 
extend up the ventral surface and into the 
dorsal ridges but not to the very surface. 
This undivided dorsal ridge or fold con- 
nects the two halves of the adjacent leaflets 
(Fig. 13). Prior to the unfolding of the 
leaflets, the dorsal folds split up, and the 
adjacent leaflets are separated completely. 
It is only at this stage that the leaflets are 
completely free from one another. Thus, 
the ventral splits separate the individual 
pinnae, and the dorsal splits separate the 
halves of each pinna. The splitting of the 
dorsal ridge takes place about a year after 
the commencement of the first splitting of 
the leaf primordium. 

In the seedlings the dorsal folds persist 
normally without splitting; therefore, the 
leaf blade remains simple ( Fig. 6). This 
non-splitting occurs towards the tips of the 
leaves of young palms also ( Fig. 7 ). 

When the development of the leaflets is 
completed, they remain in an appressed or 
folded condition. The leaflets which in 
very early stages were transverse to the 
rachis become almost parallel to it pre- 
sumably owing to the development of the 
leaf under pressure exerted by the sur- 
rounding outer leaf bases. Thus the leaf 
emerges out like a stick or sword ( Fig. 1 ) 
from the centre of the crown, and there- 
after the leaf begins to unfold its leaflets. 

The leaflet first separates itself from the 
rachis, and then the two halves of the 
blade unfold. The separation of the 
leaflets is brought about by a cushion of 
tissue situated at the base of the leaflet 
and in the upper angle made by each of the 
two halves of the leaflet with the rachis 
(Fig. 5). This tissue consists of a group 
of large, elongated hypodermal cells ( Figs. 
18, 19). These are arranged along the 
base of the leaflet. At the time of un- 
folding, these cells enlarge and as a result 
the leaflet is pushed away from the rachis. 
The two halves of the blade unfold by 
means of a tissue of motor-like cells 
situated in the inner angle made by the 
two halves of the blade with the midrib. 
This tissue extends throughout the length 
of the midrib. The portion of the blade 


Fics, 8-13. 


VENKATANARAYANA — DEVELOPMENT OF LEAF OF COCOS NUCIFERA 


vhich is nearer to the midrib is thinner 
nd much constricted (Fig. 20). The 
pidermal and hypodermal cells enlarge, 
he two halves of the leaflets move apart 
long the constricted region which acts 
ike a hinge. In a fully opened leaflet the 
nlarged hypodermal cells look like the 
notor cells of grass leaves, become ligni- 
ied, and apparently prevent the folding 
jack of the leaflets ( Fig. 21). 

On the dorsal side of the leaf, the mar- 
‘ins of the leaflets are folded one over the 
ther. The unfolding of these is effected 
bout the same time by a similar mechan- 
sm of motor-like cells in the grooves of 
he dorsal folds ( Figs. 22, 23). 

The formation of leaflets in palms like 
-hoenix farinifera, Phoenix sylvestris, 
tlaeis guineensis and Borassus flabellifer 
vas also found to be mainly by splitting. 
[he mechanism of unfolding of leaflets in 
hese palms is also similar to that of the 
oconut palm. 

THE TERMINAL STRUCTURE — From the 
ip of the rachis there extends a free thin 
vhip or chord-like structure, pale yellow 
n colour about a foot in length ( Fig. 7 ). 
t is flattened at the base, but more 
ylindrical towards the tip and slightly 
urrowed on the ventral side. The tip is 
wollen and bearded with groups of long 
yranched multicellular hairs containing 
annin. This structure is a continuation 
f the rachis; as such it cannot be con- 
sidered as separate secondary organ, a 
view which agrees with the findings of 
Arber (1922). As the leaf grows, the 
whip-like structure soon dries up and drops 
ff. 

THE MARGINAL STRUCTURE — Along the 
margins of the blade there is a thread-like 
pale yellow structure connecting the tips 
of all the leaflets ( Fig. 7), which is either 
lat or somewhat cylindrical. This struc- 
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ture is the undifferentiated margin of the 
blade into which the splits do not extend 
and which has been referred to by Eames 
(1954) as rein. The two marginal reins 
meet at the dilated tip of the whip already 
mentioned above, which is named by 
Eames (1954) as the hook. The rein 
persists for some time as a narrow strip 
connecting the leaflets. As the leaf ad- 
vances in age the structure dries up and 
drops off completely freeing the tips of 
leaflets. Arber ( 1922 ) has not mentioned 
this structure while discussing the mor- 
phology of the palm leaves. 

THE “‘ MEMBRANE” OR “ COIFFE ” — 
The sword leaf in the centre of the crown 
is covered by a tomentum which is de- 
signated by some of the earlier workers as 
the “membrane” or “ Coiffe’’. The 
““ Coiffe ’’ develops from the epidermis of 
the leaf, four months before its unfolding 
and is not really a continuous membrane 
but consists of isolated groups of three to 
six multicellular trichomes developed from 
the epidermal cells. The terminal cells of 
the trichomes develop rapidly into long 
radiating branched thin walled cells which 
overlap each other giving rise to a thick 
tomentum covering the exposed surface 
of the sword leaf. The tender and un- 
exposed parts of the leaf are practically 
free from the hairs. The basal cells of the 
hairs contain tannin which imparts a 
brown colour. As the leaflets spread out 
the tomentum is shed. In Phoenix farini- 
fera, P. sylvestris and Borassus flabellifer, 
the epidermal hairs are more dense and 
form a thick tomentum. 


Discussion 


The mode of formation of the leaflets in 
palms has long been a matter of contro- 
versy. Some botanists ( Karsten, 1847; 


Fics. 8-13 — (DR, dorsal ridge; DS, dorsal furrow; GP, growing point; LD, dorsal split; 
CV, ventral split; PC, procambial strands of the midrib; PT, primordial tissue differentiating ; 
RA, rachis; UL, undifferentiated margin of the blade; VL, line through which ventral splits 


‚ccur; VR, ventral ridge; 
tem apex of 25 years old palm. 
tages of development. x 22. 


0. L.s. of a portion of the blade magnified showing furrows and ridges. 
L,s. of the blade showing lines along which splits occur. 


VS, ventral furrow. ) 
1, fully developed cone shaped leaf; 2-8, leaves in different 
Fig. 9. L.s. of the blade showing ridges and furrows. 


Fig. 8. Median longitudinal section of the 


< 24. Fig. 
«Of, Meiers SNL MY, 
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3. Ls. of the blade showing ridges and furrows. X 65. 


302 PHYTOMORPHOLOGY 


Deinega, 1898: Eichler, 1885; Goebel, Mohl, 1845; Naumann, 1887; Trécul, 1853; 
1883, 1884, 1926: Hirmer, 1919) held the | Yampolsky, 1922) maintained that split- | 
view that the plications of the palm leaf ting was involved. Arber (1 922) was of | 
were formed by folding; while others (Von the opinion ‘that the plications originate — 


+ 
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Fics. 14-17 — Fig. 14. Median longitudinal section of the stem apex with leaf primordia. 
x 148. Fig. 15. Formation of splits during the development of leaflets. x 148. Fig. 16. 
Magnified view of a portion of Fig. 15 showing the commencement of the split. x 640. Fig. 17° 
Magnified view showing completion of splits. x 640. 


Fics. 18-23 — (BL, constricted portion of the blade with compressed motor-like cells} 
EF, compressed epidermal cells; ES, epidermal scales; L, leaflets; M, dorsal margin of the leaflets}; 
ME, expanded motor-like cells; RA, rachis; S, split separating the dorsal fold; WL, half of the 
blade; W, and W,, adjoining blades of the adjacent leaflets.) Figs. 18, 19. L.s. of rachis and 
leaflet showing cushion of tissue. Fig. 18. x 25; Fig. 19. x 25. Fig. 20. T.s. of the unopene 
leaflet showing the constricted bases of the blade of the leaflet. x 72. Fig. 21. T.s. of the opene 
leaflet. x 73. Fig. 22. T.s. of the dorsal fold showing motor-like cells in the groove. x 126 
Fig. 23. T.s. of the opened dorsal fold of the leaflet. x 94. 
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COMPARATIVE MORPHOLOGY AND ONTOGENY 
OF FOLIAR SCLEREIDS IN SEED PEANTS— 
1. MEMECYLON L. 


T. ANANDA RAO 
Botanical Survey of India, 63, Rajpur Road, Dehra Dun, India 


Foliar sclereids have attracted the atten- 
tion of many investigators. The import- 
ance of such studies was recognized even 
by older workers like Caspary (1865), 
Van Tieghem (1891) and Solereder 
( 1908) who pointed out their taxonomic 
value in distinguishing species within the 
genus. Sclereids were observed by Van 
Tieghem (1891) in the mesophyll of a 
number of species of Mouriria and Meme- 
cylon and led him to incorporate both the 


genera in the sub-tribe ‘‘Mouririées ”’ 
under the family “ Melastomacées ’’. 


Foster’s ( 1946) reinvestigation, together 
with the further studies of Morley ( 1953a, 
b ), have confirmed the existence of many 
sclereid types in the leaves of Mouriria 
and the constancy of their disposition at 
the end of veins. The discovery of term- 
inal sclereids in the genus Mouriria 
( Foster, 1946 ) and a few species of Meme- 
cylon ( Foster, 1946; Subramanyam & Rao, 
1949; Rao, 1950 ) prompted me to investi- 
gate the foliar sclereids of 95 species of 
Memecylon. 


Materials 


The materials for this investigation were 
derived partly from fresh material and 
partly from herbarium specimens. The 
writer is indebted to the curators of the 
Peradeniya Botanic Garden, Ceylon; 
Indian Botanical Garden, Calcutta; Bogor 
Botanical Garden, Indonesia; and Lalbagh 
Gardens, Bangalore, for the supply of fresh 
specimens. The Director, Scientific Co- 
operation Office, UNESCO, New Delhi, 
very kindly procured herbarium specimens 
from the U.S.A.; Professor A. Abraham 
supplied M. gracile, and Mr S. Narayana 
Iyer supplied M. lushingtonii. In addi- 
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tion Professor A. S. Foster very kindly 
sent herbarium specimens of 30 species. 
The names of the species studied are | 
arranged in alphabetical order. Fresh 
specimens are cited with reference to the 
place of collection. The dried specimens | 
were obtained from the following herbaria: 


(A) Arnold Arboretum, Harvard Uni- 
versity | 

(GH) Gray Herbarium, Harvard Uni- 
versity 

(B) Brooklyn Botanical Garden 

(NY) New York Botanical Garden 

(UC) University of California Herba- 
rium | 

(US) United States National Herba- 
rium 

(C) Indian Botanical Garden Herba- 
rium 


The following specimens were used in 
this study: 

1. M. acuminatum (?). 
King 6754 (GH). 
M. affinie Thw. Philippines: Ramos 
& Edano 44742 (UC); Ramos & Edano 
44742 (NY). 

. M. agusanense Elmer. Philippines: 

Elmer 14181 (GH). 

M. amplexicaule Roxb. India: Nilgiri 

Hills, Kotagiri, R. D. Anstead 99 (A). 

. M. andamanicum King. Andaman Is- 
lands: King 357 (GH). 

. M. angulatum (?) Mauritius or Mada-. 
gascar: Mr Justic Blackburn ? (GH). 

. M. angustifolium Wt. India: Nilgiri 

Hills, fresh specimens. Ceylon: 

Thwaites 1556 (GH). 

. M. australe F. M. Australia: 

Mueller ? (GH). 

. M. arnottianum Wt. ex Thw. Ceylon:: 

Thwaites 1589 (US). Isotype, 597331. 

(US). Ceylon: Thwaites 1589 (GH). 


Malaya: Perak, 
2: 


Von 


. M. densiflorum Merr. 


a 


. M. 
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. M. beccarianum Cogn. Borneo: Tawao 
Elmer 20682 (GH). Borneo: Boden 
Kloss 19072 (NY). 

. M. bipindense Gilg. Kamerun: Zenker 
190 (GH). 

. M. brachybotrys Merr. Philippines: 
Luzon, Amarillas 24673 (NY). 

. M. candidum Gilg. Kamerun: Zenker 
241 (GH). 

. M. cantleyi Ridl. Singapore: Botanic 
Gardens, fresh specimens. 


. M. capitellatum L. Ceylon: Peradeniya, 
Petch 10.2.23 (A). Ceylon: Pera- 
deniya, fresh specimens; :Ceylon: 


Thwaites 1564 (GH). 

. M. celastrinum Kurz. India: Assam, 
Biswas 1553 (A). Bangkok: Kerr 
6032 (NY). 

. M. coeruleum Jack. Singapore Botanic 
Gardens, fresh specimens; Burma 
and Malaya Peninsula: Griffith 2322 
(GH). Malaya: Perlis, Henderson 22881 


(NY). 

. M. cordatum (?). Mauritius or 
Madagascar: Mr Justice Blackburn 
(GH). 

. M. costatum Miqu. North Borneo: 


Pallas, Clemens & Clemens 27576, 


27551 (UC). Katimata Arch Borneo: 
Mondi 213 (NY). 
. M. crosinense Elmer. Philippines: 


Luzon, Elmer 17404 (GH). 

. M. cuneatum Thw. Ceylon: Thwaites 
2538 (GH). 

. M. cumingu Naud. Philippines: Luzon, 
Elmer 17294 (GH). 


. M. decanesse Cl. India: Alleppy, fresh 


specimens. 
Philippines: 
Ramos & Edano 48873 (NY). 


. M. depressum Benth. India: Kore- 


kottae, Mysore State Forests, fresh 
specimens. 

edule Roxb. India: Bangalore, 
Madras, Mysore State Forests; Maha- 
baleshwar, Calcutta, fresh specimens; 
Ceylon: Royal Botanic Gardens, Pera- 
deniya (A). Peninsula Indiae Orien- 
talis: Wight 1080 (GH). India: Er- 
lanson 5411 (NY). 


. M. elegans Kurz. Southern Andamans: 


King 19.1.1891 (A). 
elupticum Thw. India: Mysore 
State Forests, fresh specimens; Ceylon: 
Thwaites 3479 (GH). 


2% 
30. 
IL: 


32, 
39: 


. M. 
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M. elliptifoium Merr. Philippines: 
Luzon, Ramos & Edano 33508 (NY). 
M. flavovirens Baker. Africa: Nyasa- 
land, Brass 17381 (NY). 

M. floribundum Jack. Indonesia: 
Bogor, Botanic Gardens, fresh speci- 
mens; China: Yaichow, Hainan, Chun 
and Tso 44629 (NY). 

M. fuscescens Thw. Ceylon: Thwaites 
287 (GH). 

M. gardneri Thw. Ceylon: Thwaites 


2387 (C). Ceylon: Thwaites 2387 
(GH). 

. M. garcinoides Bl. Sumatra: Forbes 
2735 (GH). Sumatra: Rahmat Si 
Toroes 4047 (NY). 

. M. gitingense Elmer. Philippines: 


Luzon, Ramos 23352 (GH). 


. M. gracile Bedd. India: Travancore, 


fresh specimens. 


. M. grande Retz. India: Mysore State, 


Kemmangundi, fresh specimens. 


. M. grande var. merguica C. B. Clarke. 


Tenasserim and Andamans: Helfer 


2331 (GH). 


. M. hainanense. China: Hainan, Howe 


70619 (NY). 


. M. harveyi Seem. Eua Island, Tonga 


Island: Parks 16186 (GH). 


. M. heteropleurum Bl. Malaya: Singa- 


pore, fresh specimens. 


. M. heyneanum Benth. India: Banga- 


lore, Botanic Gardens, fresh speci- 
mens; Peninsula Indiae Orientalis: 
Wight 1070 (GH). 


. M. hookeri Thw. Ceylon: Peradeniya, 


fresh specimens; Ceylon: Thwaites 
2686 (GH). 

intermedium Bl. Malaya: Perak, 
fresh specimens. 


. M. kunstleri King (?): Kunstler 87195 


(US). 


. M. laevigatum Bl. Ceylon: Petch 5323 


(A). Ceylon: Peradeniya, fresh speci- 
mens; Sumatra: Sartlett 7641 (NY). 


. M. lanceolatum Blanco. Philippines: 


Merrill 975 (GH). 
rill 9557 (NY); 
Wenzel 712 (B). 


Philippines: Mer- 
Philippines: C. A. 


. M. laurinum Bl. Borneo: Elmer 21282 


(GH). 


. M. leucanthum Thw. Ceylon: Thwaites 


1559 (GH). 


. M. leucocarpum Gilz. Cameroons: Zen- 


her and Standt 5770 (US). 
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51. 


32 
53. 
54. 
55, 
56. 
YA 
58. 
59, 


60. 
61. 
62. 


63. 
64. 
65. 
66. 


67. 
68. 
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M. ligustrifolium Champ. China: 
Levine 2108 (GH). China: Hainan, 
Lau 56 (NY); China: Kwong Tung 
Prov, Levine 758 (B). 

M. lushingtonii Gamble. India: Dim- 
ban, Kollegal, fresh specimens. 

M. macrocarpum Thw. Ceylon: Thwai- 
tes 2798 (GH). 

M. machaeracme Gilg. 
Bipinde, Zenker 370 (GH). 
M. maingayi Clarke. Malaya: Larut 
Perak, fresh specimens. 

M. malabaricum Cogn. India: Madras, 
fresh specimens. 

M. microstomium Clarke. 
Perak, fresh specimens. 
M. molestum Cogn. Peninsula Indiae 
Orientalis: Wight 1072 (GH). 

M. myrsinoides Bl. Indonesia: Bogor, 
fresh specimens. British North Bor- 
neo: Elmer 20853 (GH). Borneo: 
Elmer 20064 (NY). 

M. myrtillii Blume. Philippines: Sulu, 
Ramos & Edano 44104 (NY). 

M. nigrescens Hook & Arn. China: 
Hainan, Liang 64158 (NY). 

M. nudum Bl. Borneo: Clemens and 
Clemens 28676 (UC, A). 

M. octocostatum Merr & Chun. China: 
Liang 63312 (NY). 

M. odoratum Elmer. 
Elmer 13140 (GH). 

M. oleaefolium Blume. Sumatra: Forles 
2835 (GH). 

M. oligoneuron Bl. (?): Ramos 1636 
(US); Philippines: Ramos 22687 (A). 
Singapore: Field 34670 (A), Sumatra: 
Yates 1216 (A, US). Philippines: 
Ramos 3314 (GH). Philippines: 
Ramos 22687 (NY). 

M. orbicularae Thw. India: ? (C). 
M. ovatum Smith. Philippines: Pala- 
wan, Merrill 581 (GH); Philippines: 
Merrill 581 (NY). 


Kamerun: 


Malaya: 


Philippines: 


69. 
70. 
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86. 
87. 


M. ovideum Thw. Ceylon: C. P. 5000 ft., 
fresh specimens. 

M. paniculatum Jack. Philippines: 
Luzon, Elmer 17908 (GA); Phillip- 
pines: Ramos & Edano, 75207 
(NY). | 
M. parvifolium Thw. Ceylon: Thwaites 
2955 (GH). 

M. pauciflorum Bl. Andaman Islands: 
Havelock Island, fresh specimens. 
M. phyllanthifolium Thw. Ceylon: 
Thwaites 3907 (GH). 

M. polyanthemos Hook. f. Africa: 
Liberia, Cooper 97 (NY); Liberia: 
G. P. Cooper 289 (B). 

M. pteropus Merr. Philippines: Luzon, 
Ramos & Edano 47184 (NY). 

M. revolutum Thw. Philippines: Lai- 
zaida 29392 (UC). 

M. rhinophyllum Thw. Philippines: 
Elmer 12707 (GH). 

M. vostratum Thw. Ceylon: 
deniya, fresh specimens. 

M. rubro-coeruleum Thw. Ceylon: 
Thwaites 3809 (GH). 

M. scutellatum (Lour) Naud. Indo- 
China: Petelot 1896 ( À, UC ); Hainan: 
Lau 3751 (A); Indo China: Annam, 
Clemmens 3313 (US); Hainan: Liang 
61916 (NY); Hainan: Howard 72779 
(A). 

M. spthandra Bl. Congo Portugues: 
Ejell 1930 (US). 

M. subfurfuraceum Merrl. Philippines: 
Edano 48832 (NY). 

M. sylvaticum Thw. Ceylon: Thwaites 
1558 (GH). 

M. talbotoaenum Brandis. India: Bom- 
bay State Forests, fresh specimens. 
M. terminale Dalz. India: Coimbatore, 
fresh specimens. 

M. terminaliflorum Elm. Philippines: 
Canilao 29894 (US). 

M. thwaitesii Cogn. India: ? (C). 


Pera- 


of lamina showing terminal sclereids. 


and presence of storage tracheids at vein-ends. 


— 


Fics. 1-6 — Figs. 1, 2. Memecylon leucocarpum Gilz. ( Zenher & Standt 5770): Abaxial surface 
Note thick sclerosed wall and narrow or occluded lumen 


; Fig. 3. M. phyllanthifolium Thw. ( Thwaites 3907 ): 
Adaxial surface of lamina showing terminal sclereids appearing in clusters at vein-ends. 


Fig. 4. 


M. angustifolium Wt. (Thwaites 1556): Adaxial surface of lamina showing terminal sclereids. 


Figs. 5, 6. M. arnottianum Wt. ex Thw. ( Thwaites 1589). 
terminal spherosclereids at vein-ends. 
tracheids and terminal sclereids. 


All Figs. 


Fig. 5. Margin of lamina showing 


Fig. 6. Adaxial surface of lamina showing terminal storage | 
125. 
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88. M. umbellatum Burm. f. India: Coim- 
batore, fresh specimens. 

89. M. urdanetense Elmer. Mindanao: Mt. 
Urdanda, Elmer 14113 (GH). 

90. M. varians Thw. Ceylon: C. P. 2000 ft. 
to 4000 ft., fresh specimens. 

91. M. venosum Thw. Philippines: Ramos 
& Edana 48896 (UC); Philippines: 
F. Guettero 30365 (NY). 

92. M. vitiense Gray. Fiji: Wilkes expedi- 
tion ? (GH). 

93. M. wightii Thw. Ceylon: Peradeniya, 
fresh specimens. 

94. M. sp. India: Kemmangundi, fresh 
specimens. 

95. M. sp. Upper Kniabalu: Clemens and 


Clemens 30316 (UC). 


Technique 


Most of the leaf specimens were cleared 
by Foster’s (1949) method. To hasten 
clearing, leaf pieces were slightly rubbed 
with sand paper on both the surfaces 
before treating with aqueous sodium 
hydroxide solution. Thick leaves were 
partially cleared in 2 to 5 per cent aqueous 
sodium hydroxide and transferred to a 
strong aqueous solution of chloral hydrate 
after repeated washing in distilled water 
(Foster, 1955b). This treatment ren- 
dered them completely transparent and 
gave a very satisfactory overall picture of 
the distribution of sclereids and veins. 
Some of the preparations were stained with 
safranin in the xylene-alcohol series. 

For studying the shape of sclereids, the 
cleared leaves were teased apart and the 
sclereids thus isolated were mounted 
directly in a dilute solution of cotton blue 
in lactophenol. The mounts were made 
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permanent by the modified method sug- 
gested by Thirumalachar & Pavgi ( 1950 ). 

For ontogenetic studies vegetative buds 
as well as young and old laminae were 
fixed in formalin-acetic-alcohol and em- 
bedded in paraffın. Sections were cut 
from 6 to 10 u and stained as suggested 
by Foster (1934). Tannin was removed 
by treatment with Stockwell’s mixture 
( Johansen, 1940 ). 


General Distribution of Sclereids in 
the Lamina 


A study of the cleared leaves, hand sec- 
tions and macerations revealed the pre- 
sence of sclereids in all the 95 species in- 
vestigated. As observed previously 
( Foster, 1946, p. 264; Subramanyam & 
Rao, 1949; and Rao, 1950 ) the sclereids, 
irrespective of variations in form, exhibit 
terminal or sub-terminal contact with 
the vein-ends. In addition to two pre- 
viously recognized types (Subramanyam 
& Rao, 1949; Rao, 1950) one more type 
has been found. All the three types are 
described below: 

TYPE I — Filiform Sclereids: This type 
is the commonest and occurs in 82 species 
of Memecylon. 

In the sub-marginal region the sclereids 
are disposed in a criss-cross manner, 
whereas near the margin and midrib 
regions they appear in strands. There are 
two major types of cell forms, one rather 
short and the other greatly elongated. 
The cell forms of limited length are seen 
in M. australe, M. gracile, M. myrsinoides 
and M. odoratum. They are not dense 
and most of them show a clear terminal 
relationship with the vein-ends. The 
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Fies. 7-12 — Figs. 7-9. M. oligoneuron Bl. ( Ramos 22687 ). Fig. 7. Adaxial surface of lamina 
showing massive spheroidal terminal sclereids with a narrow or occluded lumen and well developed 
terminal storage tracheids. X 125. Fig. 8. Irregularly lobed cell with slightly sclerosed wall and 
helical thickenings. x 225. Fig. 9. Vein-ends showing slightly sclerosed spheroidal cells with 
helical thickenings, well developed terminal storage tracheids and thick-walled sclereids. x 225. 
Figs. 10-12. M. oligoneuron Bl. ( Yates 1216). Fig. 10. Adaxial surface of lamina showing set 
sclerosed cell with broad lumen and massive fusoid sclereids with narrow or occluded lumen. 1252 
Fig. 11. Adaxial surface of lamina near the injured sub-epidermal region. A series of venlée in 
a large vein-islet showing diversity of terminal cell: moderately sclerosed cell without pits in broad 
lumen; storage tracheidal cells with helical thickenings; slightly sclerosed cell with pits in cell wall 
and lumen; massive fusiform sclereids; massive fusiform sclereid with storage tracheidal cell and 
Y-shaped sclereids. 125. Fig. 12. Adaxial surface of lamina showing moderately sclerosed 
ovoid form with broad lumen and fusiform sclereids, x 125. 
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vein-ends do not possess any storage 
tracheids and the minor veins are devoid 
of sclerenchyma. 

Excessively elongated sclereids are seen 
in. M. affine, M. angulatum, M. australe, 
M. becarianum, M. candidum, M. cantleyı, 
M. celastrinum, M. coeruleum, M. costa- 
tum, M. crosinense, M. decanesse, M. 
densiflorum, M. ellipticum, M. floribun- 
dum, M. garcinoides, M. grande var. 
merguica, M. harveyi, M. hookeri, M. inter- 
medium, M. kunstleri, M. lanceolatum, M. 
laurianum, M. ligustrifolium, M. macro- 
carpum, M. maingayi, M. microstomium, 
M. myrtilli, M. nudum, M. octocostatum, 
M. paucifiorum, M. pteropus, M. revolutum, 
M. rhinophyllum, M. rubro-coeruleum, M. 
sylvaticum, M. terminale, M. terminali- 
florum, M. thwaitesii, M. urdanetense, M. 
venosum, M. vitense and M. wightit. 

In some species there is a strong ten- 
dency towards the formation of sclereids 
having short fusoid branches as seen in 
M. acuminatum, M. agusanense, M. am- 
plexicaule, M. andamanicum, M. brachy- 
botrys, M. depressum, M. elegans, M. 
elliptifolium, M. flavovirens, M. grande, 
M. gitingense, M. hainanense, M. hetero- 
pleurum, M. heyneanum, M. laevigatum, 
M. leucanthus, M. machaeracme, M. mala- 
baricum, M. nigrescens, M. orbicularae, 
M. ovatum, M. oleaefolium, M. panicula- 
tum, M. polyanthemos, M. furfuraceum, M. 
varians and M. sp. 

In still other species, the branching is 
more profuse and complex resulting in the 
dendroid or bizarre cell forms seen in M. 
bipindense, M. capitellatum, M. cumingu, 
M. molestum, M. nudum, M. ovoidum, 
M. rostratum, M. talbotaenum, M. umbel- 
latum. 

The last category, seen only in M. 
edulae, includes those sclereids of many 
intergrading forms. 


PHYTOMORPHOLOGY 


Type II — Polymorphic Sclereids: The 
short polymorphic terminal sclereids of 
12 species of Memecylon reveal variations 
within one and the same leaf. The follow- 
ing forms occur: 

(1) Spheroidal Cell Forms: They are en- 
countered in Memecylon leucocarpum. A 
noteworthy feature of the cleared lamina 
is the small number of sclereids. The 
veins are jacketed by well developed 
sclerenchyma and the vein-ends exhibit 
terminal storage tracheids. Very sparing- 
ly, near the major veins, the vein-ends 
exhibit spheroidal sclereids ( Figs. 1, 2). 
When mature they have a more or less 
thick striated cell wall and a narrow lumen. 
Pits are abundant. Sclerosed and non- 
sclerosed, spheroidal or rod-shaped forms 
are mostly solitary at the vein-ends. 
Occasionally they are found in pairs, and 
sometimes terminal storage tracheids and 
terminal sclereids are disposed side by 
side. 

(2) Short Fusiform Sclereids or Osteo- 
sclereids, Forked or Unforked: This category 
of cells is encountered in M. angustifolium 
(Fig. 4), M. lushingtonii, M. arnottianum 
and M. phyllanthifolium. The main modi- 
fications have been reported in M. angusti- 
folium and M. lushingtonit ( Subramanyam 
& Rao, 1949; and Rao, 1950). In M. 
phyllanthifolium, the terminal sclereids 
appear in clusters at the vein-ends ( Fig. 3). 
Occasionally one could see the presence 
of ‘ hybrid cells ’ with a slightly developed 
striated cell wall, broad lumen and helical 
thickenings. The sclereids are more or 
less rectangular or oval or curious cell 
forms with thick walls and a narrow lumen. 
They form conspicuous idioblasts in the 
spongy region ( Fig. 31). In M. arnottia- 
num, the vein-ends exhibit the presence 
of various types of cells: terminal storage 
tracheids, terminal sclereids and terminal 


Fics. 13-18 — Fig. 13. M. oligoneuron Bl. ( Yates 1216): 
“hybrid cell’; note presence of striated cell wall and helical thickenings. x 225. 


— 


Massive terminal sclereid and 
Fig. 14. M. 


cuneatum Thw. ( Thwaites 2538 ): Adaxial surface of lamina showing vertically disposed columnar 


sclereids without spicules surrounded by fibriform sclereids. 


tbe fibriform sclereids. 


a 1255 


Note the fine forked branches of 


Figs. 15, 16. M. oligoneuron Bl. ( Yates 1216). Fig. 15. Terminal 


sclereid, terminal storage tracheids and “hybrid cell’ at trichotomous ends of a veinlet. x 225. 
Fig. 16. A portion of injured sub-epidermal region showing massive sclereid and moderately 


sclerosed cell with broad lumen. x 225. 


Figs. 17, 18. M. gardneri Thw. ( Thwaites 2387 C). 


Adaxial surface of different regions of lamina showing different types of cell at vein-ends. x 125, 
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non-sclerosed cell forms (Fig. 6). The 
leaf is conspicuous by the presence of well 
developed storage tracheids which vary 
from oval to irregular in shape and exhibit 
prominent helical thickenings. They are 
solitary or in pairs at the end of veins. 
Sometimes one could see the complete 
absence of terminal storage tracheids at 
the end of veins. Sclereids are short cell 
forms, most of which are fusiform, cruci- 
form, U-shaped or L-shaped. Oftentimes 
they show short processes leading to ir- 
regular cell forms. 

In transections sclereids are disposed 
vertically or horizontally in mesophyll. 
In the sub-marginal region, sclereids occur 
solitary or in pairs at the vein-ends. 
Marginal sclereids are more or less oval in 
outline and closely disposed (Fig. 5). 
Similar is the situation near the midrib, 
Wherever sclereids are present the vein- 
ends do not show the presence of terminal 
storage tracheids. However, occasionally, 
terminal sclereids and terminal tracheids 
may be found side by side or a terminal 
sclereid is found at the terminus of ter- 
minal tracheids. The sclereids exhibit 
well developed thick striated walls and a 
narrow lumen. The thick cell wall is 
heavily pitted. Sometimes, one could 
observe at the vein-ends slightly sclerosed 
rectangular or ovoid shaped cells. Such 
forms exhibit a lumen as wide as that of 
terminal storage tracheids but do not show 
any trace of helical thickenings. These 
cells are disposed either at the terminus 
of the vein-ends or sides of the veins. 

(3) Short massive sclereids ranging from 
spheroidal to massive forked fusoid forms 
are encountered in M. oligoneuron. The 
above species collected at different regions, 
viz. Philippines: Ramos 22687 (A, NY); 
Singapore: Field 34670 (A); Sumatra: 
Yates 1216 ( A, US); Philippines: Ramos 


Î 
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3314 (GH) and an unknown place: Ramos 
1636 (UC), were critically examined. The 
foliar sclereids exhibit a wide range of cell 
modifications and also considerable fluc- 
tuation in the relative abundance in diffe- 
rent parts of the lamina. These polymor- 
phic sclereids fall under four form-types 
and it is not uncommon to see intergrading 
forms among them. The details of each 
form-type and their main modifications 
were studied in great detail: (i) Thin 
spheroidal or irregular forms with a broad 
lumen. (ii) Massive spheroidal forms with 
a narrow lumen. (iii) Massive fusoid fork- 
ing forms with a narrow lumen and (iv) 
Massive forking forms with a narrow 
lumen. 

The thin spheroidal or irregular form- 
type is seen in the material collected in the 
Philippines ( Ramos 1636, UC ) ( Figs. 53- 
63). This type possesses a striated wall 
with a broad lumen. Mostly, the cells 
develop small knob-like processes resulting 
in curious shapes. They are present alone 
at the vein-ends. Sometimes they are 
found together with terminal storage tra- 
cheids. Just like sclereids, the terminal 
storage tracheids also exhibit various 
forms. 
rosed with well developed helical thicken- 
ings. Besides terminal sclereids and ter- 
minal storage tracheids, slightly sclerosed 


sclereids with a broad lumen occur at the 


vein-ends. 
The second form-type is encountered in 
a collection of the species from an un- 
known place (Ramos 22687, A). The 
sclereids are massive with a well developed 
striated sclerosed wall (Figs. 7, 42-46). 
The lumen is largely obliterated or present 
in the form of a narrow channel. The 
massive spheroidal cells exhibit curious 
shapes and develop small processes which 
represent the arrested branches. Mostly 


Fics. 19-24 — Figs. 19-22. M. gardneri Thw. ( 2387, C): 


Aa Ane 


cell wall. 


Fig. 20. Hybrid cell at end of a veinlet. 
< 450. 


«7.129 


Abaxial surface. 


oo : 


Adaxial surface of part of lamina. 


Note helical thickening and moderately thickened 
Fig. 21. Hybrid cell and sclereids at the dichotomous end of veinlet. 
presence of helical thickenings and moderately thickened cell wall of hybrid cell. x 225. 


Note 


Fig. 24. M. gardneri Thw. ( Thwaites 


2387, GH): Adaxial surface of lamina showing occurrence of heavily sclerosed terminal sclereids 


and very rarely slightly sclerosed cells with broad lumen. 


125. 


tracheids. 


Their wall may be slightly scle- — 


Fig. 223 
Fig. 23. M. spathandra Bl. (Ejell 1930): Adaxial surface of lamina 
showing stellate or dendroid sclereids at vein-ends. x 125. 


Note absence of terminal storage: 
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they are present at the ends of veins. In 
the sub-marginal region of the lamina their 
distribution is more or uniform, 
whereas they exhibit horizontal disposi- 
tion without much forking near the 
margin and are closely disposed near the 
midrib. Every vein-end possesses either 
a terminal sclereid or a terminal storage 
tracheid which also varies greatly in shape 
and size. Another interesting feature is 
the presence of ‘ hybrid cells’. They have 
a slightly sclerosed wall with a broad 
lumen and exhibit helical thickenings 
( Figs. 8, 9). 

The third form-type is encountered in 
the material collected at Sumatra ( Yates 
1216, A & US). This comprises massive 
forked forms which are remarkable for 
their variations ( Figs. 10, 47-52). The 
fusoid cells exhibit L-shape, Y-shape, 
X-shape or semi-lunar shape and some- 
times triangular shape also ( Figs. 10, 11, 
32). They show well developed striated 
sclerosed wall having a narrow or occluded 
lumen. Oftentimes the polymorphic cells 
form small blunt processes at the poles. 
The vein-ends possess solitary or paired 
terminal sclereids as well as terminal 
storage tracheids. The terminal storage 
tracheids are thin-walled with helical 
thickenings ( Fig. 11); sometimes thick- 
walled tracheids are also seen with nume- 
rous pits ( Fig. 11). Another noteworthy 
feature is the presence of cells which are 
intermediate in character between terminal 
sclereids and terminal storage tracheids. 
Such ‘hybrid cells’ display moderately 
developed striated cell walls with a broad 
lumen and show prominent helical thicken- 
ings or innumerable pits ( Figs. 11-13, 
Bs ye ae 

The fourth form-type is encountered in 
the material collected at Singapore ( Field 
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cells often exhibiting forking. Sometimes 
they are of Y-shape or L-shape forms 
( Figs. 37-41). The sclerosed cell wall is 
striated with a lumen of irregular width. 
The sclereids are solitary at the vein-ends 
and very rarely appear in groups of 2 or 3. 
They are not abundant in the sub-marginal 
region of the lamina and are very rare at 
the margins. The marginal sclereids are 
fibriform and do not show any forking. 
The vein-ends exhibit terminal storage 
tracheids. They are drawn out, thin- 
walled cells with helical thickenings. Not 
infrequently the vein-ends possess slightly 
sclerosed fibriform cells with a broad 
lumen. 

(4) Short massive columnar sclereids 
with root-like spicules at the poles are 
encountered in M. cuneatum and in the 
specimens of M. scutellatum collected at 
six different places in Indo China. 

In M. cuneatum the sclereids are densely 
distributed in the lamina ( Fig. 14). The 
noteworthy feature of the mature leaves 
is the presence of two types of sclereids. 
The massive columnar sclereids alternate 
with one or two fibriform sclereids touch- 
ing the epidermal layers. Most of the 
massive columnar sclereids are vertically 
disposed and do not show any forking, 
whereas the fibriform sclereids possess 
root-like processes at the poles ( Figs. 14, 
35). Most of the branches run intra- 
epidermally in the mesophyll. 

In M. scutellatum the columnar sclereids 
are vertically disposed between the epider- 
mal] layers ( Fig. 34). The processes at 
the poles are wanting or short and at no 
time are they very much elongated. The 
sclerosed wall is striated with a narrow or 
occluded lumen. Sclereids are not densely 
distributed in the submarginal region of 
the lamina. They are pillar-like or incury- 


> 


34670, A). The sclereids are massive ed or Y-shaped in form. The vein-ends 
Fics. 25-30 — Figs. 25, 26. M. gardneri Thw. (Thwaites 2387, C). Fig. 25. Terminal 
sclereid at end of a veinlet. x 225. Fig. 26. Adaxial surface of lamina showing terminal storage 


tracheids and terminal sclereids. 


223: 


Fig. 27. M. spathandra Bl. ( Ejell 1930): The vein end 


showing sclereid-like cell with thick wall, broad lumen and two horn-like processes adjacent to 


terminal tracheid cell having helical thickenings. 


< 225. Fig. 28. M. fuscescens Thw. ( Thwaites 


287): Adaxial surface of lamina showing fibriform sclereids closely accompanying vein-ends. 
Note presence of bulged median portion with drawn-out ends of certain sclereids. x 125. Figs. 


29, 30. M. parvifolium Thw. ( Thwaites 2955 ). Fig. 29. Abaxial surface and Fig. 30. Adaxial surface 


of lamina showing ‘ sclerocysts’. x 125 each. 
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possess terminal sclereids or terminal stor- 
age tracheids or slightly sclerosed cells 
with a broad lumen. 

Unlike the above type of sclereids, the 
same species collected at Hainan, Indo 
China (Howard 72779, A) presented 
fibriform sclereids. These sclereids are 
sparingly distributed in the sub-marginal 
region of the lamina. They are disposed 
at the vein-ends which are free from 
terminal storage tracheids. The sclereids 
are bent in curious ways without forking 
and the sclerosed wall is striated and 
shows a narrow lumen of unequal width. 
The marginal sclereids are horizontally 
distributed and show inter-twining dis- 
position. The same type of disposition 
is seen in the midrib region. 

(5) The leaves of M. gardneri ( Ceylon: 
Thwaites 2387) from the Sibpur Her- 
barium, India, exhibit various types of 
cells at the vein-ends. The major veins 
are jacketed by sclerenchymatous cells 
whereas the minor veins are completely 
free from mechanical cells. The vein- 
ends exhibit three types of cells: terminal 
storage tracheids, terminal sclereids and 
“hybrid cells ’ ( Figs. 17-22). 

Terminal storage tracheids exhibit regu- 
lar or irregular cell forms. Most of them 
are elongated or ovoid in shape. They 
are helically thickened with a slightly 
sclerosed wall and a broad lumen. They 
are present singly or in groups of 2 to 3, 
often being juxtaposed. Along with the 
terminal storage tracheids, sclereids are 
present at the vein-ends ( Figs. 18219721, 
25). Not infrequently, they occur in- 
dependently at the vein-ends which are 
free from terminal storage tracheids. 
They exhibit a wide range of modifications 
and are strictly terminal or sub-terminal. 
In spite of their cell-form variation, all 
have uniform thickness and a broad lumen 
of more or less uniform width. The 
sclerosed wall is striated and heavily 
pitted. 
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The next type is the presence of * hybrid 
cells’ (Figs. 20, 21). These cells vary 
from simple ovoid to irregular or regular 
rectangular forms. They are disposed 
with the terminal storage tracheids at the 
end of veins devoid of terminal storage 
tracheids. The cell wall is more sclerosed 
than terminal storage tracheids but less 
than that of the terminal sclereids. It is 
striated and exhibits pits. Just like 
terminal storage tracheids, they are heli- 
cally thickened but the thickening is not 
uniform. Sometimes the helical thicken- 
ing is not uniform. Sometimes the helical 
thickening is confined only to the edges 
or irregularly present or completely absent 
(Figs 20.2210). 

Regarding the relative abundance of 
these three types of cells the terminal 
sclereids and terminal storage tracheids are 
present in every large vein-islet ( Fig. 26). 
Sometimes the three types of cells are pre- 
sent in a large or small vein-islet (Fig. 21). 
Occasionally, all the vein-ends exhibit 
terminal sclereids or hybrid cells along 
with terminal sclereids. But in another 
collection M. gardnert ( Ceylon: Thwaites 
2387) from Gray Herbarium, U.S.A., all 
the vein-ends have well developed terminal 
sclereids. Most of the sclereids have thick 
striated cell wall and a narrow lumen. 
is interesting to note in this specimen the 
absence of hybrid cells and terminal 
storage tracheids ( Fig. 24). 

(6) Short fusiform sclereids are exempli- 
fied in one species of Memecylon collected 
by the writer in Mysore State forests and 
also in M. parvifolium and M. fuscescens. 
In Memecylon sp., the sclereids are short 
cell-forms with fusoid ends and often 
exhibit forking (Subramanyam & Rao, 
1940, Fig. D ). 


They occur singly at the 
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vein-ends which are devoid of storage 


tracheids. 
reids occur in the form of ‘ islands’ ( Figs. 
29, 30), completely enclosing the vein- 
ends ( Fig. 36). Each island is composed 


Fics. 31-33 
Bie 31 
32.0 Vie 


leaf. 
Fig. 


M. phyllanthifolium Thw. 


In M. parvifolium the scle- 


——+ 


Fig. 33. M. spathandra Bl. 
All Figs. x 2258 


— Transections illustrating form and orientation of sclereids in tissues of mature“ 
Polymorphic sclereids prominently disposed in lamina. 
oligoneuron Bl. Vertically and horizontally oriented sclereids with processes. 
attachment of sclereid to the vascular bundle and prominent pit canals. 
Stellate and dendroid vertically oriented sclereids with prominent processes. 
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of short cell-forms having many blunt 
spicules. They interlock firmly with one 
another to form a cyst-like structure. 
Sometimes there are common ‘ cysts’ for 
two or three veinlets. They are desig- 
nated as ‘sclerocysts’. In M. fuscescens, 
sclereids occur very closely adjoining the 
vein-ends (Fig. 28). Most of the scle- 
reids are idioblasts and show clear proxi- 
mity to the vein-ends and veins. They 
show a strong tendency to fork. They 
possess a bulged median portion with 
tapering ends. Sometimes the median 
portion is very much swollen, possessing 
small knob-like projections or thread-like 
drawn out branches. The mature scle- 
reids possess striated sclerosed walls and 
a lumen of irregular width. 

Type III — Stellate or dendroid type 
of sclereids with prominent arms are seen 
in M. spathandra ( Figs. 23, 33). In the 
sub-marginal region the sclereids vary 
from fusiform to bizarre asymmetrical 
forms, showing clearly the existence of 
intergrading forms. Along the margins, 
sclereids appear in groups and they are 
small in size with short blunt processes. 
The same type of cells are present on the 
larger veins. Irrespective of their form 
variation, they possess well striated scle- 
rosed wall with a narrow lumen of ir- 
regular width. The presence of terminal 
storage tracheids is very rare. Some- 
times the vein-ends exhibit moderately 
thickened cells with a wide lumen ( Fig. 
27). They show the presence of striated 
walls and are free from helical thicken- 
ings. 

In the transection one can recognize 
the presence of two kihds of sclereids. 
The mesophyll region is predominantly 
composed of bizarre cell forms, sometimes 
touching the epidermal layers, whereas 
in the midrib region the sclereids are 
spheroidal and abundantly present in the 
lower region. 
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Ontogeny 


Statements on the terminal, subterminal 
or diffuse types of distribution are usually 
based on observations made on mature 
sclereids in the leaf tissues and it is only 
in a few cases that the early developmental — 
stages have been studied. The mature 
leaves of M. heyneanum possess filiform — 
sclereids whereas in the lamina of 
M. lushingtonii the sclereids are of short — 
polymorphic form. Some details of the 
sclereid ontogeny of M. heyneanum have 
been reported ( Rao, 1951b) and certain 
features of sclereid ontogeny of M. lushing- 
tonii are recorded with a view to elucidate | 
the exact relationship of sclereids and | 
veinlets. The palisade tissue of the 
mature lamina is three-layered and the © 
spongy parenchyma is lacunate. The: 
salient feature of the lamina is the pre- 
sence of sclereids either singly or in twos — 
or threes in close connection with the vein- 
lets. Most of them are disposed in the 
mesophyll either horizontally or vertically — 
( Figs. 73, 76, 77). The horizontally dis- 
posed sclereids run closely adpressed to 
the veins, turning their fusoid ends 
towards the palisade or spongy region of © 
the lamina (Figs. 73, 77). Unlike the 
sclereids of Memecylon heyneanum ( Rao, 
1951b) the sclereids of M. lushingtonii 
have a limited growth. The vertically 
disposed sclereids never extend to both 
the epidermal layers. Sometimes closely 
set sclereids seem to intertwine with each 
other. The presence of sclereids with 
their fusoid tips in the air space of the 
spongy region and forked plug-like pro- 
cesses in the compactly situated palisade » 
region is the salient feature of the adult | 
lamina. 

In the early stages, the embryonic 
leaves exhibit compactly arranged cells 
with or without small air spaces between 
them. They are found to be in an active 


Fics. 34-36 — Transections illustrating form and orientation of sclereids in tissues of mature 
leaf. Fig. 34. M. scutellatum ( Lour) Naud. Massive columnar sclereids between epidermal layers. | 
Note short intra-epidermal processes and attachment of sclereids to vascular bundles. 
Note presence of two types of sclereids. 
branches alternating with fibriform forms with slender branches at the poles. 


cuneatum Thw. 


folium Thw. 
X 223. 


Short fusiform sclereids encasing the tracheary elements ( sclerocysts ). 
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Fig. 35. MA 
Massive columnar forms without 
Fig. 36. M. parvis 
AU Figs. 
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stage of division. Amidst actively divid- 
ing cells, the procambial cells are easily 
recognizable from the adjacent cells by 
their conspicuous nuclei and granular 
cytoplasm. A careful examination of a 
number of sections at this stage clearly 
revealed that some of the enlarging ter- 
minal procambial cells lie in contact with 
sclereid initials ( Figs. 64, 65, 68, 69). 
The first sign of the initiation of sclereid 
initials is the increased size of the nucleus 
with dense cytoplasm. Sometimes scle- 
reid initials with a conspicuous nucleus 
and cytoplasmic strands are found oriented 
horizontally to the procambial strands 
( Figs. 66, 67). 

In the next stage the sclereid initials 
begin to grow amidst compactly situated 
cells. The growing cell usually assumes 
a tubular shape ( Fig. 67) or an irregular 
asymmetrical shape ( Figs. 69-72). The 
sclereid initials which are terminally dis- 
posed with regard to the procambial 
strand are rectangular, oval, irregular or 
polygonal in shape ( Figs. 64, 65, 68, 69), 
while those parallel to procambial cells 
are more or less tube-like in appearance 
( Figs. 67, 74, 75). 

The growth is intercellular and chiefly 
directed towards the adaxial or abaxial 
surfaces ( Figs. 69-72). Sometimes the 
sclereid cell grows horizontally. The 
growth in all cases is confined chiefly to 
the tips. The initial cell has a smooth 
cell wall and is free from spicules. The 
enlarged nucleus occupies various posi- 
tions in the growing cell. Sometimes the 
growing cells manifest branching leading 
to the formation of irregularly forked 
elements ( Figs. 71, 72). The branches 
of most of the forked cells terminate in 
the developing air-space (Fig. 71). A 
good deal of irregular branching is seen 
in some sclereid cells which are compactly 
disposed amidst mesophyll cells, which 
are free from air-spaces. In spite of their 
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polymorphism, in no instance were they 
seen to extend to touch the epidermal 
layers. Their growth appears to cease 
with the maturation of the mesophyll 
cells. At this stage the mesophyll shows 
a good deal of tissue maturation with 
abundant ergastic materials and chloro- 
plasts in the cells. 

In the next stage, the sclereid cells 
undergo uniform sclerosis all over the 
primary wall. 
takes place only after the cessation of 
growth. When secondary wall formation 
ends the sclereids possess a lumen of ir- 
regular width. The cell wall is stratified 


It is evident that sclerosis | 


and free from spicules; and oftentimes — 


exhibits straight or oblique pit canals 
(-Flgs2 797.0)» 


| 
| 


At maturity the lumen — 


is free from protoplasm and nucleus but | 


sometimes the presence of some granular « 
The ultimate | 


substance can be made out. 
fate of the nucleus could not be made out. 


But it is certain that the size of the 


nucleus dwindles when once sclerosis 
sets in the cells. 
remains till a late stage of lignification. 


Discussion 


THE RELATIONSHIP BETWEEN SCLE- 
REIDS AND VEINLETS — As far back as, 
1902, Schulze reported that in several 
species of Boronia sclereids are found 
at the termination of veinlets. This fea- 
ture has now been noted in 69 species 
of Mouriria (Foster, 1946) and cer- 
tain species of Memecylon of the Melas- 
tomaceae (Foster, 1946; Subramanyam 
& Rao, 1949; Rao, 1950); Moutabea of 


the Polygalaceae; in certain members of 


the Hamamelidaceae like Hamamelis vir- 
giana L., Bucklandia populnea KR. Br., 
Eustigma oblongifolium Gordn & Clamp. 
and Rhodoleia teysmani Miq. ( Foster, 
1947 ), in Coryphadenia ( Morley, 1953b), | 


in certain species of Boronia and Boronella ' 


\ 1 


Fics. 37-63 — Polymorphic sclereids of M. oligoneuron Bl. 


Massive sclereids often exhibiting forking. 


— - 


4 


However, the nucleus : 


Figs. 37-41. ( Field 34470, A)" 


1 


; 


Note the presence of a region of centripetal concentric : 


striations followed by seemingly hard region at periphery of lumen and a lumen of irregular width 
Figs. 42-46. ( Ramos 22687, A): Massive, more or less spheroidal sclereids with short process. 
Figs. 47-52. ( Yates 1216, A, NH): Sclereids of varied forms showing striated wall followed by hard’! 


wall layer at periphery of lumen. 
sclereids with lumen of irregular width. 


Figs. 53-63. ( Ramos 1636, UC): Thin spheroidal or irregular® 
All Figs. x 200. 


Figs. 37-63. 
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of the Rutaceae, and in the leaflets of 
Hannao klaineana Pierre & Engler, of the 
Simarubaceae ( Foster, 1955a, b). Ter- 
minal sclereids also occur in certain species 
of the Capparidaceae, like Capparıs orbt- 
culata Wall., C. rotundifolia Rottle., C. 
verrucosa Jacq. ( Rao, 1953), Niebuhria 
apetala Dunn. (Rao & Kelkar 1951), 
Niebuhria woodii Oliv., Boscia caffra Sond. 
(Rao, unpubl.) and in Cynometra cauli- 
flora L., of the Caesalpineae ( Rao, 1953 ). 

In the present survey terminal sclereids 
have been observed in 95 species of the 
genus Memecylon. The occurrence of 
terminal sclereids in distinct and widely 
separated families of dicotyledons such 
as Melastomaceae, Capparidaceae, Hama- 
melidaceae, Leguminosae, Polygalaceae, 
Rutaceae and Simarubaceae strengthens 
the view that in a phylogenetic sense, the 
association of sclereids with vein endings 
has occurred independently in various 
groups of the angiosperms. The intimate 
association of sclereids and vein-ends is 
an important generic feature in Mouriria 
and Memecylon. In these genera the 
sclereids exhibit varied forms at the vein- 
ends. The majority of species of Meme- 
cylon exhibit remarkable filiform sclereids 
and a relatively few species develop poly- 
morphic cell forms exhibiting many types 
of intergrading forms. In contrast the 
majority of Mouriria species exhibit poly- 
morphic sclereids and a relatively few 
species show filiform sclereids ( Foster, 
1946). The predominance of the same 
type of sclereids in the majority of species 
indicates the relative uniformity of the 
two genera. 

Ontogenetic studies in some species of 
Mouriria and Memecylon have revealed 
certain interesting data of great histo- 
logical value. The sclereid initials are 
strictly terminal in Mouriria huberi and 
Boronia serrulata ( Foster, 1947, 1955a ), 
Memecylon heyneanum ( Rao, 1951b) and 
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Memecylon lushingtonii. The origin of 
sclereid initials at the terminus of the 
procambial strand was also observed in 
Niebuhria apetala of the Capparidaceae 
and Cynometra cauliflora of the Caesal- | 
pineae (Rao, 1953). Thus ontogenetic | 
studies have proved the existence of an 
intimate association between the sclereid 
initials and the terminal tracheary ele- 
ments in the leaves of certain dicotyledons. 
In addition to this strictly terminal posi- 
tion, there are in the lamina of certain 
dicotyledons apparently terminal as well 
as diffuse sclereids of varied forms. Al 
striking example of both terminal and 
diffuse sclereid positions in the same 
lamina is provided by Boronella pancheri 
(Rutaceae ) recently investigated by 
Foster (1955b). Ontogenetic studies of 
certain species like Diospyros discolor 
(Rao, 1951c), Ternstroemia japonica — 
(Rao, 1952), Linociera intermedia and 
L. insignis (Rao, 1957) have revealed that 
the terminal appearance of some of the 
adult sclereids is due to vigorous growth 
of the sclereid initial near the differentiat- 
ing procambial cells. At no time were 
they found in a terminal or subterminal 
disposition with reference to the differen- 
tiating procambial cells at the veinlet 
ending. These pseudo-terminal sclereids 
may present apparent contact with the 
vein-endings in the adult leaf. 
It is not uncommon to observe, as 
revealed in Mouriria ( Foster, 1947), in 
Memecylon, Capparis and Niebuhria ape- 
tala, the presence of well developed termi- 
nal sclereids and terminal storage tracheids 
either in intimate contact or independently 
alone at the vein-endings. Further, in 
some species of Mouriria and Memecylon, 
one could see the existence of cell forms 
of different types at the end of veins in a 
large or small vein-islet. They are chiefly 
in the form of terminal storage tracheids, 
terminal sclereids, ‘hybrid cells’ an 


} 


Fics. 64-69 — Transections of young and immature leaves of M. lushingtonii Gamble showin 
The adaxial surface of the lamina is uppermost in all transections. 
Figs. 64-65. Very young sclereid initials at the terminus of procambial cells. 


early stages in sclereid ontogeny. 


initial and procambial cells. 
of tracheids from procambial cells. 
tiered series of tracheary cells. 


Note horizontal disposition and conspicuous nucleus and differentiatio 
Fig. 68. Sclereid initial in direct contact at the right with 
Fig. 69. Young terminal sclereid with prominent adaxial proc 
Note presence of another sclereid initial in direct contact at the right. 


Figs. 66, 67. Sclerei 


All Figs. x 450. 
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slightly sclerosed terminal sclereids. A 
series of vein-ends in a large vein-islet 
showing the diversity of terminal cells may 
be found in one and the same species 
collected from one region only or in the 
same species collected from different re- 
gions. 

It would be interesting to record the 
absence of terminal storage tracheids in 
such species which have filiform columnar 
elongated sclereids. But their presence 
is recorded in certain species of Meme- 
cylon, Capparis, Niebuhria which have 
short polymorphic forms. Regarding the 
relative abundance of these types of cells, 
the terminal storage tracheids and terminal 
sclereids are present in every large vein- 
islet. The presence of terminal storage 
tracheids along with terminal sclereids is 
also seen. In addition to these types of 
cells the occurrence of ‘ hybrid cells’ and 
slightly sclerosed terminal sclereids at the 
vein-ends are of great histological interest. 
The hybrid cells are intermediate in 
character between terminal sclereids and 
terminal storage tracheids. These cells 
exhibit striated secondary cell walls and 
helical thickenings in various degrees of 
disintegration. In one and the same 
veinlet ending, one could see the existence 
of well developed terminal storage tra- 
cheids, terminal sclereids, hybrid cells and 
slightly sclerosed cells with broad lumina. 
Such cells are also reported to occur in 
species of Mouriria ( Foster, 1946). The 
slightly sclerosed terminal sclereids do not 
show any trace of helical thickenings and 
differ from terminal sclereids only in 
having a slightly thickened cell wall and 
large lumen. In certain species of Olax, 
viz. Olax scandens, O. wightiana, and O. 
zeylanica, terminal sclereid-like cells are 
found which are slightly sclerosed, pitted 
and resemble to some extent certain of the 
storage tracheids which occur in Capparis 
religiosa ( Pirwitz, 1931, Fig. 5). In con- 
trast, in certain species of Capparis, viz. 
C. moontt, C. kot, C. pumila, C. spinosa var. 
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canescens, C. viminea the terminal storage 
tracheids are slightly sclerosed, pitted and 
resemble to some extent certain of the | 
sclereids which occur in Mouriria and | 
Memecylon ( Rao, 1953). Whether such | 
cells represent terminal undeveloped scle- 
reids or ‘ hybrid cells’, that in an inter- 
mediate stage in the conversion of terminal 
storage tracheids into terminal sclereids, 
could be determined only by tracing out 
their ontogeny in detail. Intensive and | 
extensive work on such species would” 
throw light on the question of homology | 
between various types of cells. 

Another interesting feature is that a 
genus which has well developed termina) 
storage tracheids will have some species 
or all species with well developed term: 
inal sclereids. A clear illustration is seen 
in the genera Mouriria (Foster, 1946). 
Capparis (Rao, 1953), Niebuhria ( Rao « 
unpublished ) and Memecylon. 


Systematic Value of the Sclereids 


In the past although sclereids have» 
been reported in various plants belonging | 
to different and extremely divergent‘ 
families, no detailed attempt has been | 
made to utilize them as aids in the identi- 
fication of plants. Solereder (1908), 
Caspary ( 1865 ) and Van Tieghem ( 1891 
suggested the taxonomic value of sclereids: 
in the identification of species or generaé 
but how far they are of a reliable natures 
can be judged only by more intensive and! 
extensive work. In such studies it is 
dangerous to generalize that a natura 
alliance does not exist because of the pre ! 
sence or absence of certain elements» 
This applies even more to mechanical ce 3 
which may represent an expression | 
adaptation to the habitat. A case in 
point emphasizing this is the fact that 
the sclereids may be present or abse 
in the leaves of Nyctanthes arbor-tristis 
( Rao, 1947) and Azima tetracantha ( Rao, 
1951a ). { 


Fics. 70-74 — Memecylon lushingtonii. Fig. 70. Young terminal sclereid advancing betweeh 
e Figs. 71, 72. Young terminal sclereids showing forkin 
Note entry of one of the processes into the air space in Fig. 71. 
thick-walled adult sclereids in contact with tracheary elements. Fig. 74. Paradermal section showit 
sclereid initials in contact with tracheary elements. 


cells of the future palisade parenchyma. 


Fig. 73. Horizontally dispose 
All Figs. x 450. 
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Fics. 75-77 — Memecylon 
75. Paradermal section. 
initials in contact with tracheary 
Figs. (76, 77: 
showing 
tracheary elements. 


lushingtonii. Fig. 
Note amoeboid sclereid 
elements. 
Transections of mature leaves 


terminal sclereids in contact with 


All Figs. x 225. 


However, the value of anatomical data 
in elucidating the inter-relationship of 
Mouriria and Memecylon is worthy of 
attention. Wan Tieghem (1891) placed 
them under the sub-tribe ‘ Mouririées ” of 
the family ‘ Melastomacées’. The cons- 
tancy in the occurrence of sclereids was 
made use of for placing these genera under 
a single sub-tribe. Comparative studies 
in Mouriria and Memecylon have shown 
that terminal foliar sclereids are an im- 
portant common feature of both. In 
Mouriria, Foster (1946) utilized sclereid 
types for the identification of sterile or 
doubtful material. He has emphasized 


PHYTOMORPHOLOGY 


“hybrid cells’. 
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the importance of sclereid types and their 
common trends within the lamina of each 
species of Mouriria collected from different 
regions. He strikes a note of warning, 
however, against too much reliance on 
sclereid characters and points out the 
necessity of taking into account other 
morphological characters before establish-. 
ing the affinities of a species or genus. 
As in Mouriria the sclereid types of 
Memecylon exhibit a good deal of fluctua: | 
tion in shape and cell forms. On the basis, 
of sclereid morphology three major types 
are recognized. Filiform sclereids pre 
dominate in the majority of investigated 
species. They are sub-divided into sepa - 
rate sub-classes depending on the nature: 
of their growth and mature cell forms . 
Similarly those species exhibiting poly - 
morphic sclereids are segregated into dis 
tinct entities taking into consideration | 
the main trends of variations. The short 
polymorphic sclereids form the most dis- 
tinctive idioblasts in the genus. With 
their help one could recognize various 
species even in sterile condition. How- 
ever, an analysis of sclereids of M. oligo- 
neuron and M. scutellatum clearly showss 
the need of cautious approach to thes 
question of attaching systematic values 
to sclereids in determining the species.) 
M. oligoneuron collected from six different 
habitats exhibits sclereids ranging from 
simple spheroidal to forked fusiform witht 
many intermediary cell-forms includings 
Similarly in M. scutellatum 
five plants [ Petelot 1896 (A), Lau 3751 
(A), Petelot 6214 (A), Clemens 3313 (US) 
and Liang 61916 (NY) | of different habi-i 
tats have massive columnar sclereids with 
root-like branches at the extremities, 
whereas in the leaves of another collection 
of the same plant [ Howard 72779 (A) 
the sclereids are filiform, considerably 
elongated and more or less abundantly 
distributed in the lamina. Another inter 
esting observation is the presence 
‘hybrid cells’. These cells are present 
in all the material of M. oligoneuron 
Their formation is noticed not only in the 
healthy portions of the lamina but a 
sometimes near wounded parts. Since! 
their presence is a constant feature of the 
lamina in spite of some fluctuation in ce 
form, this can be considered as a reliab 
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liagnostic character as it occurs in all the 
ix plants of different regions. However, 
he situation in M. gardneri clearly de- 
nonstrates the need of a cautious ap- 
roach. In one collection of the species 
Thwaites 2387 (C) ] sclereids, terminal 
racheids and ‘hybrid cells’ were ob- 
erved. But in another collection from 
he Gray Herbarium bearing the same 
umber and collected by Thwaites, almost 
ll the vein-endings have well developed 
erminal sclereids; occasionally, one could 
ee slightly sclerosed broad lumen cell 
orms. Parallel instances also occur in 
he genus Mouriria ( Foster, 1946, p. 265 ). 
‘hus the existence of different cell forms 
n one and the same species collected from 
lifferent habitats clearly indicates that 
ne has to examine a wide range of mate- 
ial and take into account variations of 
his nature if sclereids are to be used for 
he purpose of identifying the species. 

In conclusion although it is not claimed 
hat the sclereid characters would prove a 
ompletely reliable diagnostic feature in 
Temecylon and Mouriria, they should un- 
loubtedly form a part of any thorough 
axonomic analysis. The inclusion of 
oliar sclereids along with other characters 
n the revision of the genus Mouriria shows 
he importance of sclereids in any sys- 
ematic analysis ( Morley, 1953a, 1953b ). 
‘hough extensive and intensive onto- 
enetic work has not been done in either 
enus, the investigated species have reveal- 
d similar types of origin irrespective of 
heir adult cell forms. A recent study of 
oronella (Foster, 1955b) has shown that at 
east from the structure and distribution 
f foliar sclereids there appears to be no 
alid distinction between B. pancheri Baill. 
nd B. francii Schltr. and that Guillau- 
nin (1911) and Engler (1931) may be 
orrect in recognizing only three species. 

A study in certain species of Olea and 
inociera has shown the constancy of 
clereid characters in every investigated 
pecies and is an interesting factor in 
axonomic analysis ( Rao, 1953). 


Summary 


Comparative studies of 95 species of 
Temecylon have revealed that terminal 
oliar sclereids are an important feature 
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inthelamina. The sclereid types of Meme- 
cylon exhibit fluctuation in shape and cell 
forms. On the basis of sclereid morpho- 
logy, three major types are recognized. 
Filiform sclereids predominate in 82 
species. They are sub-divided into sepa- 
rate sub-classes depending on the nature 
of the branching and mature cell forms. 
Similarly in those species exhibiting poly- 
morphic sclereids, the latter are segregated 
into distinct groups taking into considera- 
tion the main trends of variations. 

There is ontogenetic evidence that 
sclereid initials are strictly terminal in 
M. heyneanum and M. lushingtonii. Such 
a feature is also seen in Niebuhria apetala 
of the Capparidaceae, Cynometra cauliflora 
of the Caesalpineae and Boronia serrulata. 
Thus sclereid ontogeny has proved the 
intimate association between sclereid ini- 
tials and the terminations of veinlets in 
the leaves of certain dicotyledons. Con- 
trasted form of terminal cells, viz. termi- 
nal storage tracheids, terminal sclereids, 
“hybrid cells’ and slightly sclerosed cells 
with broad lumina have been recorded at 
one and the same veinlet ending. The 
importance of ontogenetic studies in estab- 
lishing the homology of varied types of 
cells is emphasized. 

The polymorphic sclereids are solitary, 
paired or in groups at the vein-ends. The 
formation of compact groupings by closely 
situated cells at the vein-ends is seen in 
M. phyllanthifolium. The next trend is 
displayed in M. parvifolium. The unique 
feature of the leaf in this species is the 
presence of distinct sclerosed ‘islands’, 
completely enclosing the vein-ends. They 
fluctuate in size and shape and in cleared 
leaves they appear as homogenous, ovoid, 
globular, spherical or sub-spherical masses 
of cells. The term ‘sclerocyst’ is pro- 
posed by the writer as a term to designate 
such distinct areas formed by groupings 
of sclereids completely protecting the vein- 
ends. The precise relationship between 
the vein-ends and the formation of ‘ scle- 
rocysts’ would be of great histogenetic 
interest. 

A very interesting situation is observed 
in the leaf of M. cuneatum wherein thick, 
massive columnar sclereids, with or with- 
out small knob-like branches touching the 
epidermal layers, alternate with fusiform 
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branched sclereids. These branches arch 
over the main column and act like sub- 
sidiary I-girders amidst the main I-girders. 
Thus the sclereids contribute to a system 
of I-girders in the lamina. wae 
The systematic value of sclereids is dis- 
cussed in the identifications of sterile 
material. It is emphasized that they 
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A NEW TYPE OF ENDOSPERM HAUSTORIUM IN 
NOTHAPODYTES FOETIDA 


B. G. L. SWAMY & P. 


M. GANAPATHY 


Department of Botany, Presidency College, Madras 5, India 


The embryological data available on 
the family Icacinaceae are admittedly 
meagre. Mauritzon (1936) published 
some rather casual observations on the 
placentation and ovules of Lasianthera 
apicaulis and of Villarsia paniculata. 
Fagerlind (1945), in a paper dealing 
essentially with the gynoecium morpho- 
logy of a few representatives of the family, 
included some information on the arche- 
sporium in the ovule of Gomphandra java- 
nica and on the archesporium and macro- 
gametophyte of Gonocaryum pyriforme 
and Phytocrene dasycarpa. 

Nothapodytes foetida ( Wt.) Sleumer 
(= Mappia foetida Miers) is a tree in- 
habiting the forests of Western Ghats, 
South India. The present study is based 
on materials collected from the semi-ever- 
green belts of Hassan forests ( Mysore ). 


Observations 


The earliest stage in our material shows 
the endosperm as a longitudinally stretched 
tissue. Its cells in the micropylar one- 
third region are smaller and more com- 
_pactly arranged; this region is followed 
rather abruptly by cells that are conspi- 
cuously larger and more obviously vacuo- 
lated. The ultimate endosperm cell to- 
wards the chalazal end assumes the 
functions of a haustorium (Fig. 1). 

On the basis of a few fragmentary stages 
preceding the one in Fig. 1, we are 
inclined to believe that the first division of 
the primary endosperm nucleus is followed 
by the deposition of a partition wall be- 
tween the daughter nuclei and that the 
micropylar cell rapidly builds a tissue 
through a series of cell divisions while the 
chalazal cell functions directly as the 
haustorium initial. We frankly admit, 
however, that the ontogenetic sequence 
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suggested above is subject to confir- 
mation. 

The haustorium initial cell soon comes 
to possess a conspicuously denser cyto- 
plasm and a hypertrophied nucleus. The 
cell as a whole enlarges considerably and 
while so doing sends out a short narrow 
sac-like snter-cellular extension towards 
the chalaza. Irrespective of subsequent 
developmental and histological changes 
occurring in other parts of the haustorium 
initial cell, the caecum part remains un- 
affected even during later stages ( Figs. 
1536). 

In contrast to the initial ınter-cellular 
growth of the haustorium cell, the sub- 
sequent spread is invariably intra-cellular. 
The cytoplasm of the haustorium initial 
cell comes in contact with the neighbour- 
ing cells ( belonging to the chalazal region 
of the ovule). At the point of contact 
the cell wall dissolves so as to leave a pore- 
like opening. It should be noted that it 
is not the entire facet of the cell wall that is 
dissolved. Now the protoplasts of the 
haustorial cell and the adjacent cells mix 
with one another through the opening 
( Figs. 1, 2). When once the haustorium 
initial cell has thus taken in the proto- 
plasts of some of the adjacent cells, its 
activity rapidly spreads centrifugally to 
the neighbouring cells. It must be em- 
phasized, however, that a few groups of 
cells here and there may not become in- 
volved. In other words, the aggressive 
activity of the haustorium is not uniform 
or symmetrical, so that some of the con- 
tacting cells, either singly or in groups, 
may not become affected at all. Thus, 
the haustorial function is taken up by 
the ultimate cell of the endosperm and 
some of the surrounding cells of the chala- 
zal part of the ovule. It follows that 
the physiological unity of the haustorium 
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Fics. 1-4— Fig. 1. L.s. a part of ovule showing the endosperm and the endosperm haustor- 


ium. x 34. 


The inset is al.s. of an entire ovule to show the relative topography of structures; 


rectangle indicates the area enlarged. x 4. Figs. 2-4. Successive stages in the growth of the 


haustorium. x 134. 

is subtly underlined by an ontogenetic 
duality. That is, the haustorium in 
Nothapodytes, though seemingly and func- 
tionally homogeneous, is, in reality, consti- 
tuted of (i) one endosperm cell and (ii) its 
neighbouring cells belonging to the ovule. 


The behaviour of the cells that become 
“absorbed”’ into the haustorium needs 
comment. Such cells, before being affected, 
possess a rather scanty, highly vacuo- 
lated cytoplasm with a nucleus. The cell 
wall is strictly of the primary nature and 


SWAMY & GANAPATHY — A NEW TYPE OF ENDOSPERM HAUSTORIUM 


typifies that of a parenchymatous cell. 
The nucleus of the cell is spherical in shape 
with a single nucleolus. As soon as the 
protoplast of such a cell establishes direct 
contact with that of the haustorium initial 
cell or of the haustorium after the attain- 
ment of its dual nature, the cytoplasm in 
the former assumes a conspicuously denser 
consistency — possibly due to the “‘ flow ” 
of like material from the haustorial cell. 
The morphological changes that occur 
progressively in the nucleus are as follows: 
(i) the nucleus as a whole increases in 
volume, (ii) the chromatin material be- 
comes coarsely granular, (iii) a number of 
nucleoli, or nucleoli-like bodies make their 
appearance, (iv) the spherical outline of 
the nucleus becomes irregular, generally 
amoeboid, (v) the nuclear membrane dis- 
appears, and (vi) the chromatin material 
mixes itself in the cytoplasm, leaving the 
nucleolus and the nucleolus-like bodies 
in situ. These structures soon become 
scattered in the general cytoplasm of the 
haustorium. The above chronological 
sequence represents a generalized picture 
and minor deviations or omissions of 
certain steps, especially in the earlier part, 
may be frequently encountered. 

The row of three cells at the right-hand 
top of Fig. 3 may be taken to represent 
the norm in the process of their becoming 
absorbed into the haustorium. The last 
cell (also on the right-hand side ) — ob- 
viously the youngest to be affected —shows 
the nucleus still retaining its spherical 
shape and single nucleolus. In the ad- 
jacent cell the outline of the nucleus 
has begun to undergo distortion, while in 
the next cell the change in shape has be- 
come pronouncedly amoeboid, nucleoli- 
‚like bodies have increased in number, and 
the chromatin material has come to 
assume a coarsely granular texture. 

In contrast to the behaviour of the 
nucleus in the cells which become absorbed 
into the haustorium, the nucleus of the 
haustorium initial cell exhibits a some- 
what different ontogenetic picture. The 
nucleus becomes greatly hypertrophied 
and this act is always accompanied by a 
profound distortion of its shape resulting 
in the most bizarre patterns. Figs. 2-4 
illustrate a progressive series of stages in 
the attainment of a rather fantastic body 
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shape for the nucleus. The chromatin 
material (collectively the non-nucleolar 
structures ) breaks up into increasingly 
coarser granules and at certain places, 
especially in the isthmus areas, exhibits 
a fibrillar texture. The nucleolus also 
becomes distorted in shape and finally 
bits of the nucleus become pinched off. 
Also, numerous nucleolus-like structures 
make their appearance all over the nu- 
cleus. These bodies again assume various 
shapes and sizes, possess variable degrees 
of refractivity and show a differential 
basichromaticity to biological stains. 
However, either the observed morpho- 
logical structure or the staining reactions 
fail to provide clues to understand the 
exact nature of the intra-nuclear inclu- 
sions and the full implications connected 
with the enlargement and distortion of 
the nucleus. 

It may be noted that the distorted 
shape of the nucleus generally appears to 
conform to the main directions of spread 
of the haustorium ( Figs. 1, 3, 4). Thus, 
after the protoplasts of a group of cells 
become absorbed into the haustorium, a 
corresponding sector of its nucleus pro- 
trudes into the newly created extension 
( Fig. 1) and during later stages, the free 
end of the projection becomes dilated, 
at the same time attaining organic conti- 
nuity with the remaining body of the 
nucleus through an isthmus however 
tenuous it may be ( Figs. 3, 4). Such a 
behaviour perhaps is indicative of a 
rather remarkable degree of plasticity 
possessed by the nucleus. 

We have already mentioned in the 
earlier part of the text that during the 
spread of the haustorium it is not the 
entire contacting facet of the affected cell 
that gets dissolved, but only a part of it, 
so that a perforation appears on the con- 
cerned wall. This phenomenon is clearly 
indicated especially in Figs. 1-3. When 
a group of cells become involved, frag- 
ments of the remaining cell walls also 
become included within the cytoplasm of 
the haustorium. The wall fragments soon 
swell very conspicuously. They attain 
a somewhat gelatinous texture and can 
be found scattered in the general body of 
the haustorium even after the destruction 
of its nucleus ( Fig. 5). 
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Fic. 5, 5A — Fig. 5. Chalazal part of an ovule at the time of the disintegration of the 
haustorium. x 34. Fig. 5A. L.s. ovule showing the topographical relationships; square represents 
the area enlarged iu Fig. 5. x 12-5. 
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The activity of the haustorium begins 
to decline by the time of differentiation 
of the cotyledonary primordia in the 
embryo. The cytoplasm in the affected 
cells lying towards the periphery assumes 
a gritty or lumpy texture, while that in 
the central part becomes diffuse and 
.“ diluted ’’; in some areas the observable 
picture is “foamy” due to the close 
juxtaposition of numerous small vacuoles. 
Some of the larger vacuoles contain darkly 


staining granular bodies, while others are _ 
In this haustorial debris are also © 


empty. 
scattered, as explained earlier, the gelati- 
nized fragments of the walls belonging to 
the affected cells ( Fig. 5). 

That the cells of the endosperm situated 
in its chalazal two-thirds region ( above 
the haustorium ) are larger and rather 
less compactly arranged than those at the 
micropylar part has already been men- 
tioned. Even during later stages of 
development this distinction is main- 
tained, perhaps more so because of the 
greater accumulation of cytoplasm and 
enlargement of nuclei during subsequent 
stages of development. With the decline 
in the activity of the haustorium, two or 
three tiers of endosperm cells bordering 
the haustorium undergo conspicuous tubu- 
lar elongation, pushing in between the 
surrounding cells of the chalazal tissue of 
the ovule. Simultaneously, the nuclei 
undergo marked hypertrophy, associated 
with a slight distortion of their shapes 
(Fig. 6). While these features are ob- 
servable generally in all the less compactly 
arranged and larger cells of the endosperm, 
the phenomenon manifests itself in a 
graded manner — cells next to the haus- 
torium exhibiting these characters in a 
relatively marked degree. Whether these 
cells also are to be considered haustorial 
or not, is a point that can be answered only 
after later stages of development become 
available. 

The ovule is supplied with a vascular 
strand that ends in the chalazal region 
(inset in Fig. 1, Figs. 5, 5A, 6A). . With 
the development of the haustorium, a 
few rows of cells of the ovular tissue on the 
opposite side of the vascular trace rediffe- 
rentiate into helically thickened tracheary 
cells which are much shorter and wider 
than similar cells of the vascular strand, 
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Fic. 6, 6A — Fig. 6. L.s. ovule showing the 
disintegrating haustorium and the tubular 
elongation of the endosperm cells. x 34. Fig. 6A. 
L.s. entire ovule to show the relative topo- 
graphy of structures. Rectangle represents the 
area enlarged in Fig. 6. x 12-5. 


and the helics themselves are markedly 
coarser ( Figs. 3,5). No phloem elements 
are associated with the redifferentiated 
tracheary strand. 


Summary 


In Nothapodytes foetida the ultimate 
endosperm cell towards the chalazal end 
is concerned with the origin and develop- 
ment of the haustorium. The cell in- 
creases in size and puts forth a short 
caecum towards the chalaza. The quan- 
tity of cytoplasm increases rapidly and the 
nucleus begins to lose its spherical con- 
tour, so much so that in later stages it 
comes to assume unusually fantastic 
shapes associated with profound modi- 
fications of the intra-nuclear structures. 
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There appears to be a close correspondence 
between the shape assumed by the dis- 
torted nucleus and the principal directions 
of spread of the haustorium. 

The method of spread of the haustorium 
is most remarkable. The cytoplasm of 
the haustorium initial cell comes in con- 
tact with the adjacent cells of the chalazal 
tissue of the ovule and at the point of 
contact the cell wall becomes dissolved to 
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form an aperture. The protoplasts of 
the haustorial and the affected cells unite 
with one another. The nuclei of these 
cells become included in the haustorial 
cytoplasm, where they are soon absorbed. 
The distorted nucleus of the haustorium 
finally disintegrates and its relics become 
scattered in the cytoplasm along with the 
swollen fragments of the isolated cell 
walls. 
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MORPHOLOGICAL AND EMBRYOLOGICAL STUDIES IN THE. 
FAMILY LORANTHACEAE* —I. HELICANTHES ELASTICA 
(DESR.) DANS. 


B. M. JOHRI, J. S. AGRAWAL** & SUDHA GARG 
Department of Botany, University of Delhi, Delhi, India 


The earlier investigations of Griffith 
( 1836, 1844), Hofmeister ( 1859), Treub 
(1881, 1883), Rauch (1936) and Schaeppi 
& Steindl (1942) have been reviewed 
by Maheshwari & Singh (1952) and 
Singh (1952). More recently, Maheshwari, 
Johri & Dixit (1957) have discussed the 
affinities of the sub-families Loranthoideae 
and Viscoideae. During the last eight 
years several members of the Lorantha- 
ceae have been studied in this laboratory 
and some brief accounts have already 
appeared: Scurrula cordifolia, S. ferrugi- 
nea, S. parasitica and S. pulverulenta 


(Agrawal, 1954); Amyema congener, 
A. miquelli, A. pendula and A. preissii 
(Dixit, 1954a, b); Lysiana exocarpi, 
Dendrophthoe falcata and D. neelgherrensis 
(Narayana, 1954a, b; 1956); Nuytsia 
floribunda ( Narayana, 1955a ); and Lepeo- 
stegeres gemmiflorus, Tolypanthus involu- 
cratus and T. lagenifer ( Dixit, 1955a, b; 
1956a ). Studies on Elytranthe capitellata, 
Tapinanthus uhehensis, Taxillus cuneatus 
and T. sclerophyllus have been. almost 
completed and are awaiting publication. 
The plants under investigation at present 
include Atkinsonia ligustrina, Barathran- 


*As suggested by Maheshwari, Johri & Dixit (1957), we have preferred the use of the family! 
name Loranthaceae for the sub-family Loranthoideae. | 


**Present address: Department of Botany, Government Agricultural College, Kanpur, India. 
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thus axanthus, Struthanthus andrastylus, 
S. marginatus, S. staphylinus, Tapinos- 
temma acaciae and Taxillus kaempferi. 

A short note on Helicanthes elastica! 
was published three years ago ( Johri & 
Agrawal, 1954). A more detailed account 
is given in the following pages. 


Materials and Methods 


_ Flowers and fruits of Helicanthes elas- 
tıca, preserved in formalin-acetic-alcohol, 
were obtained from South India through 
the courtesy of Professor M. S. Raghavac- 
hari ( Changanacherry, Kerala ), Professor 
R. D. Adatia ( Bombay) and Professor 
T. S. Sadasivan ( Madras — the collections 
were made at Courtallam by Mr D. Giles 
Lal). To all these we are most grateful 
for their help and co-operation. 

The tertiary-butyl-ethyl alcohol series 
was used for dehydration to avoid harden- 
ing of floral parts. Sections were cut 5 
to 40 microns thick and stained with iron- 
haematoxylin and safranin-fast green. A 
combination of crystal violet and erythro- 
sin proved useful for the study of vascular 
traces. 

Developmental stages of the embryo sac, 
embryo and endosperm were also studied 
from dissected whole mounts. For this 
purpose buds, flowers and fruits were 
pretreated with KOH and cleared in lacto- 
phenol. 


Observations 


FLORAL MORPHOLOGY — At each node 
there is a whorl of nearly eight to fifteen 
bracteate sessile flowers. The young 
buds ( Figs. 1-3) measure about 5 mm in 
length and the open flowers ( Fig. 5) from 
30 to 43 mm. The perianth tube tapers 
towards the apex (Fig. 4). At the base 


it is surrounded by a conspicuous calyculus . 


which is about 2 mm long (Fig. 5). Its 
free end is more or less smooth and does 
not show any teeth or lobes as is common 
in other species of the family. 


1. The synonyms of Helicanthes elastica 
( Desr.) Dans. are: Dendrophthoe elastica, Dans. 
Lorvanthus elastica Desr., L. euphorbiae Wight 
and Scurrula elastica G. Don. (see Danser, 
1933 ). 
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Fics. 1-8 — (b, bract; ca, calyculus; ov, ovary; 
p, perianth; s, style; st, stamen). Figs. 1-4. 
Stages in the development of a bud. x 2. 
Fig. 5. Open flower. x 2. Fig. 6. Young fruit 
with style and stigma. x 2. Figs. 7, 8. Older 
fruits. x 4. 


The perianth consists of five lobes and a 
median longitudinal ridge develops on the 
outer surface of each. Their margins are 
joined to one another by an interlocking 
of juxtaposed epidermal cells ( Figs. 16- 
18). In older buds ( Fig. 4) the lower 
one-third portion of the perianth becomes 
broader and appears darker in colour. 

The stamens are epiphyllous and the 
filaments are adnate for about one-third 
the distance ( Fig. 9). The bilobed basi- 
fixed anthers are closely appressed around 
the style and dehisce while the buds are 
still closed. The connective protrudes 
prominently above the pollen sacs. In 
the open flower the upper free part of the 
perianth as well as the stamens become 
strongly reflexed ( Fig. 5). 

There are five cushion-like nectaries at 
the base of the filiform style. The stigma 
is bilobed and highly papillate. 
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After fertilization, the perianth along 
with the stamens falls off but the style 
remains attached for some time ( Fig. 6) 
and is shed only when the proembryos 
have descended into the ovary. The 
latter is globose and shows a conspicuous 
conical mamelon ( devoid of any lobes ) at 
the base of the ovarian cavity. The fruit 
is a pseudoberry ( Figs. 7, 8). 

In one case twin flowers were observed 
each showing the normal floral organs 
( Fig. 37 —the perianth and androecium 
of both had been removed during prepara- 
tion of material for microtomy ). 

FLORAL ANATOMY — The general organ- 
ization of the vascular skeleton is repre- 
sented by longitudinal and transverse 
sections ( Figs. 9-18). Fig. 9 also indi- 


Fics. 9-18 — (ca, calyculus; m, mamelon; P, A and 
and gynaecium respectively ). 
at levels 10-18 respectively marked in Fig. 9. x 23. 


Fig. 9. L.s. flower bud ( 


cates the approximate levels at which the 
transverse sections have been drawn. 

The pedicel shows a ring of five to six 
bundles (Fig. 10). Subsequently, they | 
divide and redivide until there are about 
twenty bundles in the stelar ring ( Figs. 
11, 12). Gradually the latter becomes 
five-angled and from each corner departs 
the perianth supply (Fig. 13). 

The traces to the stamens follow those 
of the perianth and two smaller bundles — 
can be identified below each larger bundle 
( Fig. 14). The remaining bundles in the 
stelar ring rearrange into five traces which 
supply the style and reach up to the stigma 
(Figs. 15-18). 

MICROSPOROGENESIS — The young an- 
ther is four-lobed in a transverse section 


G, vascular supply to perianth, androecium 
diagrammatic ). x 10. Figs. 10-18. T.s. 


‘ 30 31 32 / 33 


Fics. 19-33 — Fig. 19. T.s. anther (diagrammatic). x 162. Fig. 20. Anther lobe marked 
T in Fig. 19, showing wall layers and microspore mother cells. x 552. Fig. 21. L.s. anther ( dia- 
rammatic ). x 38. Fig. 22. Part of anther lobe marked N in Fig. 21. x 552. Fig. 23. Nearly 
lature anther lobe. x 552. Figs. 24, 25. Tapetal cells. x 552. Figs. 26-29. Microspore mother 
lls, Meiosis I. x 1016. Figs. 30-32. Microspore tetrads. x 1016. Fig. 33. Two-celled pollen 
rain. x 1016. 
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(Figs. 19, 36). Sometimes the adjacent 
lobes may fuse and the anther may then 
become three-lobed. The anther wall 
consists of the epidermis, endothecium, 
two middle layers and the tapetum ( Figs. 
19-22). There is little change in the 
epidermis up to the formation of two- 
celled pollen grains ( Fig. 23) but in the 
mature anther it becomes flattened. 

The cells of the endothecium enlarge 
and become vacuolated while the micro- 
spore mother cells are preparing for re- 
duction divisions. Fibrous thickenings 
appear when the pollen grains are uni- 
nucleate and are quite pronounced at 
maturity (Fig. 23). The middle layers 
are crushed during microsporogenesis 
although their remnants can be seen even 
in a dehiscing anther. Occasionally, the 
tapetum may be two-layerd at places. 
Such a condition arises by a division of 
some of the original tapetal cells and not 
by sterilization of the adjacent sporo- 
genous cells. The tapetal nuclei divide 
mitotically and the two daughter nuclei 
usually fuse ( Figs. 24, 25). By the time 
the two-celled pollen grains are formed, 
the tapetal cells enlarge (Fig. 25). As 
the pollen reaches maturity the tapetum 
gradually degenerates, but its remains 
persist even at the time of dehiscence of 
the anther. 

A transverse section of a young anther 
shows about eight large microspore mother 
cells (Fig. 20). As they enter synizesis 
( Fig. 22), their protoplasts round up at 
the corners. A special mucilaginous wall 
is secreted between the protoplast and 
the original wall — starting at the corners 
and later spreading to the sides ( Figs. 26- 
32). 

The reduction divisions are simulta- 
neous resulting in decussate and more 
frequently tetrahedral tetrads ( Figs. 30- 
32). Eight bivalents were counted at the 
diakinesis stage ( Fig. 26). Lagging chro- 
mosomes were often seen during Anaphase 
Pe 298.29): 

Cytokinesis takes place by furrowing 
and is preceded by the appearance of 
vacuolated equatorial areas between the 
nuclei (Fig. 30). The furrows start at 
the periphery and advance centripetally. 
They are followed by wedges of the special 
mucilaginous wall which meet in the centre 
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and bring about quadripartition of the! 
mother cell. As the microspores separate 
and enlarge the original wall breaks down. 

MALE GAMETOPHYTE — The microspores | 
are triangular and have concave arms with 
apical germ pores. A thick smooth exine : 
and a thin intine are differentiated during ! 
the maturation of the pollen grains. The? 
microspore nucleus divides to give rise to a. 
smaller generative and a larger vegetative : 
cell separated by an ephemeral membrane. 
The former is always invested with a. 
lightly staining cytoplasmic sheath and! 
after the dissolution of the separating | 
membrane it comes to lie near the vegeta-- 
tive nucleus. The pollen grain is two-- 
celled at the time of shedding ( Fig. 33). 

Abnormal pollen grains with four-rays 
were also observed; however, no nuclei. 
could be seen in them. 

MAMELON — The narrow stylar canal is; 
continuous with the ovarian cavity at the» 
base of which arises a small protuberance, , 
the mamelon ( Figs. 9, 34, 35). Three to) 
five layers below the latter differentiates; 
the collenchymatous pad ( Figs. 34a, 35a } | 
which assumes the form of a shallow cup 
extending on the sides ( Figs. 9, 34, 35,, 
38, 45, 48). 

MEGASPOROGENESIS — The entire hypo- 
dermal tissue of the mamelon comprising; 
30 to 40 cells becomes sporogenous. It 
stains lightly as compared to its epidermis; 
(Fig. 34a). From these cells differentiate 
numerous megaspore mother cells, without 
the formation of any parietal tissue. The 
mother cells elongate considerably and 
crush the intervening non-functional 
sporogenous cells. The reduction divi- 
sions result in linear tetrads of megaspores 
(Fig. 35a). At this time there is wide- 
spread degeneration, not only of the non- 
functional sporogenous tissue but also of 
many of the dyads and tetrads, all of which 
stain densely. The epidermal cells of the 
mamelon are also crushed except at the 
apex (Fig. 35a). Fig. 35a shows three: 
megaspore tetrads, ¢,, {, and t,. The 
uppermost as well as the lowermost mega- 
spores of one of the tetrads (¢,) have en- 
larged and become vacuolated while the 
middle two are degenerating. Occasion- 
ally, three or all the four megaspores: 
enlarge and become vacuolated ( Fig. 39). 
One or more of these may develop further: 
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Fiss. 34, 35 — (cp, collenchymatous pad; ep, epidermis of mamelon; m, mamelon; mg, mega- 
Spore mother cell; oc, ovarian cavity; #, tetrad of megaspores ). Figs. 34, 35. L.s. ovaries showing 
mamelon at the time of differentiation of sporogenous tissue and megaspore tetrads ( diagrammatic ). 
x 16. Fig. 34a. Mamelon marked m in Fig. 34, with adjacent ovarian tissue. x 364. Fig. 35a. 
Mamelon marked m in Fig. 35, enlarged to show megaspore tetrads; the outer walls of megaspores 
comprising the tetrads have been especially thickened to demarcate them from the surrounding 
tissue. x 364. 
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During this process also there is further = FEMALE GAMETOPHYTE — The func- 
degeneration and, therefore, a study of tioning megaspore contains a centrally 
the later development presents many placed nucleus with a prominent vacuole | 
difficulties. on either side. Two- and four-nucleate- 
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Fics. 45-49 — (cp, collenchymatous pad; m, mamelon). Fig. 45. L.s. ovary showing! 
mamelon at two- ( marked T ) and four-nucleate (marked F) embryo sac stages ( diagrammatic ). 
x 13. Fig. 45a. Mamelon marked m in Fig. 45 enlarged to show two- and four-nucleate embryo » 
sacs. x 240. Fig. 46. Two-nucleate embryo sac. X 304. Fig. 47. Four-nucleate embryo sac, 
marked F in Figs. 45 and 45a. x 304. Fig. 48. L.s. ovary showing lower ends of three embryo » 
sacs marked X, Y and Z (diagrammatic). x 13. Fig. 48a. Mamelon marked m in Fig. 48. x 240.. 
Fig. 49. Lower end of embryo sac marked Z in Figs. 48 and 48a. x 304. 
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gametophytes are formed in the usual 
way (Figs. 45-47). Sometimes two bi- 
nucleate embryo sacs were seen lying one 
above the other. Such a condition can 
arise if two adjacent megaspores of the 
same tetrad function simultaneously. Figs. 
45 and 45a show two- and four-nucleate 
embryo sacs in the mamelon. Other 
sections of the same series also showed 
degenerated tetrads and megaspore mother 
cells. 

The four-nucleate embryo sac elongates 
at either end making its way upward 
through the stylar tissue and downward 
into the ovary. Fig. 504, B and C 
represents a diagrammatic longitudinal 
section of the carpel. The central portion 
of the style marked B shows the upper 
ends of ten embryo sacs lying one above 
the other. The lower ends of the embryo 
sacs can be seen lying just above the 
collenchymatous pad in the ovary. 

Dissections of the style showed the tips 
of embryo sacs with two and four nuclei 
of the four-nucleate and unorganized eight- 
nucleate gametophytes respectively ( Figs. 
52, 53). The tip of an organized embryo 
sac showed the usual egg apparatus 
and secondary nucleus ( Figs. 50e, f; 54). 
Figs. 41 and 42 are microphotographs of 
the upper and the lower end of organized 
embryo sacs. The lower ends of several 
embryo sacs containing antipodal cells 
can also be seen in Figs. 48a and 49. 

The synergids are ephemeral and degene- 
rate early (Figs. 43, 55, 56). The egg 
projects below the synergids ( Figs. 41, 
54). The fusion nucleus lies closely ap- 
pressed to the egg and has a conspicuous 
nucleolus. The apical ends of as many 
as twelve embryo sacs, arranged one above 
the other, could be counted in longitudinal 
sections of a single style (only four are 
shown in Fig. 40 and ten in Fig. 50B ). 
All the embryo sacs, however, are not at 
the same stage; in some fertilization has 
not yet occurred ( Fig. 50e, f), in others 
the zygote is undivided (Fig. 50d, g-j ) 
whereas still others contain young biseriate 
proembryos ( Fig. 50a-c). The tips of the 
embryo sacs do not extend beyond the 
middle region of the style. The shortest 
organized embryo sac measured 4 mm 
while the longest measured 16 mm in a 
35 mm long style. 
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Fic. 50 —L.s. carpel. 
the lower, middle and upper portions respectively 


A, B and C represent 


( diagrammatic ). x 8. Tips of ten embryo 
sacs a-7 are situated one above the other in 
the style. x 122. 


Polar fusion has not been observed; 
probably it takes place in the style. The 
fusion nucleus comes to lie adjacent to 
the egg ( Figs. 41; 50e, f; 54). 

Self-pollination seems to be the rule 
since the anthers dehisce in closed buds. 

ENDOSPERM — Prior to the division of 
the zygote the primary endosperm nucleus 
enlarges considerably (Fig. 55) and 
travels down to the lower part of the 
embryo sac situated in the ovary. During 
its passage the nucleus adjusts its shape 
according to the width of the embryo sac 
(Figs. 60, 61). The ovary at this time 
may contain the lower ends of several 
embryo sacs, showing primary endosperm 
nuclei or young cellular endosperms ( Figs. 
62es,, ess; 63, 64, 66-68). The lower ends 
of some of the embryo sacs may also show 
the antipodal cells ( Fig. 62). Another 
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interesting feature is the occasional occur- 
rence of four to ten nuclei in the lower ends 
of the embryo sacs? ( Figs. 62-65). Such 
a feature has also been noticed in Amyema 
( unpublished observations ). 

The first division of the primary endo- 
sperm nucleus was not observed, however, 
stages showing a three-celled endosperm 
indicate that it is of the Cellular type as in 
other members of the Loranthaceae ( Figs. 
64, 66-68 ). 

The endosperm cells enlarge rapidly and 
their cytoplasm forms only a thin peri- 
pheral layer. 

Endosperm formation takes place simul- 
taneously in several embryo sacs and the 
ovarian tissue separating individual em- 
bryo sacs is gradually crushed and con- 
sumed ( Figs. 63, 67, 68). Thus all the 
endosperms come in contact with one 
another and finally fuse to form a compo- 
site mass. By now the proembryo has 
also descended into the ovary and passes 
through the endosperm right up to the 
collenchymatous pad ( Figs. 69, 74 ). 

The composite endosperm grows basi- 
petally and encloses the proembryo. On 
the lower side it grows around the collen- 
chymatous pad but does not proceed very 
far ( Figs. 75-77). The base of the endo- 
sperm becomes flattened and broadened 
with the collenchymatous pad wedged in 
its centre. 

EMBRYO — After fertilization the zygote 
elongates at its lower end ( Fig. 56). The 
first division is longitudinal ( Fig. 57). 
The second (Fig. 58) and subsequent 
divisions are transverse resulting in a long 
biseriate proembryo ( Figs. 44; 50a, b, c; 
59). The terminal cells represent the 
embryonal tier, while the rest function as 
the suspensor. The earlier divisions of 
the zygote take place in the -style and 


2. It is somewhat difficult to explain the 
origin of these nuclei. The possibilities are — 
(a) these may represent arrested or fused embryo 
sacs, (b) these may be the daughter nuclei 
resulting from the nuclear divisions of the 
primary endosperm nucleus (or nuclei), or 
(c) the nuclei may have migrated into the 
embryo sacs from adjacent cells. The second 
possibility must be considered extremely remote 
since the endosperm is ab initio cellular; the third 
should also be ruled out since at this stage the 
ovarian tissue between the embryo sacs is almost 
completely crushed. The first appears to be the 
correct explanation. 
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gradually the proembryo finds its way 
down the style into the ovary. Proem-> 
bryos from different zygotes start their‘ 
downward growth simultaneously and! 
only the one which reaches the basal end | 
of the ovary first develops further. The 
remaining proembryos become arrested | 
in the ovary or the style and the latter: 


F1Gs. 51-59 — Diagrammatic representation © 
the carpel to indicate the positions of embryo 
sacs shown in Figs. 52-58. x 1. Figs. 52, 53) 
Upper ends of four- and unorganized eight 
nucleate embryo sacs (from dissected whole 
mounts). x 200. Fig. 54. Tip of embryo sae 
with egg apparatus and secondary nucleus. 
x 182. Fig. 55. Same, showing zygote, degene- 
rated synergids and primary endosperm nucleus 
x 182. 


sected whole mounts). x 200. Fig. 59. Young 
biseriate proembryo with adjacent stylar tissue 
x 182. 
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Fics. 60-67 — (ant, antipodals; dm, degenerated mamelon; end, endosperm; es, embryo sac; 
Pen, primary endosperm nucleus). Fig. 60. L.s. ovary showing primary endosperm nucleus in 
the lower part of the embryo sac; the mamelon has degenerated (diagrammatic ). x 40. Fig. 61 
Enlarged view of the primary endosperm nucleus shown in Fig. 60. x 228. Fig. 62. L.s. part of 
ovary with the lower ends of several embryo sacs. x 50. Fig. 63. Same, enlarged view of embryo 
sacs marked es,, showing the primary endosperm nucleus; es, and es, have only four and five nuclei 
respectively. x 250. Fig. 64. L.s. ovary with lower ends of three embryo sacs; ten free nuclei are 
een in es,, primary endosperm nucleus in es, and three-celled endosperm in esg. X 50. Fig. 65 
Magnified view of es, from Fig. 64. x 250. Fig. 66. L.s. ovary showing lower ends of two 
embryo sacs, es, and esjo. X 15. Fig. 67. Enlarged view of es, and es), from Fig. 66 showing the 
primary endosperm nucleus and cellular endosperm. x 180. 
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is shed soon after some of the proembryos 
have descended into the ovary. 

The terminal tier of the proembryo now 
divides rapidly and a flattened mass of 
cells is produced. Some of the cells of 
the suspensor, adjacent to the embryonal 
mass, divide longitudinally so that it be- 
comes broader (Fig. 69). 

It has already been mentioned that due 
to the basipetal growth of the endosperm 
the embryonal mass is pushed up ( Fig. 
75) and comes to lie in its middle ( Fig. 
76). Further divisions result in a club- 
shaped mass of cells ( Fig. 76 ), from which 
differentiate the two cotyledons ( Figs. 70, 
77) which soon become fused except in 
the region of the plumule. 

The swollen radicular end differentiates 
rather late. It shows a peripheral fringe 
of lateral processes whose exact morpho- 
logy is not yet fully understood ( Figs. 72, 
73, 80). A root cap is absent. 

Fruit — The ripe fruit consists of three 
main parts — pericarp, endosperm and 
embryo — which are discussed below in 
some detail. 

Pericarp — The ovary wall differentiates 
into four well-defined zones as the pro- 
embryo advances to the mature stage 
( Figs. 76-78, 80-83 ). The outermost zone 
is the leathery coat which occupies nearly 
halfthebreadth ofthe pericarp (Figs. 76-78, 
80-83). It consists of thin-walled cells 
interspersed with sclereids. The latter are 
particularly abundant in the basal region of 
the fruit. Many cells contain tannin which 
gives a reddish tinge to the fruit coat. 

The second zone consists of thin-walled, 
elongated, and diagonally oriented cells 
which form the viscid layer (Fig. 78). 
In a cross-section they appear small and 
compactly arranged. The sticky mucila- 
ginous substance ( viscin ) is produced by 
this tissue. The viscid layer is followed 
by thin-walled, broad, and highly vacuo- 
lated cells comprising the ‘parenchyma- 
tous zone’ (Fig. 78). 
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The fourth and the last is the vascular 
zone ( Fig. 78). It comprises the vascular 
supply of the various floral organs with 
several parenchymatous layers on either 
side. Those adjacent to the endosperm 
are crushed due to its lateral expansion. 
Further extension of the endosperm is 
checked by the vascular tissue and, 
therefore, the general shape of the for- 
mer is determined by the vascular en 
velope. | 

The relative breadth of the four zones 
varies from the base to the apex of the 
fruit ( Figs. 80-84). The vascular zone 
presents rather a complex structure at 
different levels (Figs. 81-84). On the 
whole it corresponds to the stelar organ- 
ization of the flower. A ring of 15-25 
bundles surrounds the endosperm in the 
middle region between the levels 81-83 
marked in Fig. 80 (see also cross-sec 
tions Figs. 81-83). At a higher level, 
( Fig. 84), there are two rings of bundles. 
The outer shows five pairs of bundles 
representing supplies to the perianth and 
androecium. In the inner ring again there 
are five bundles which supply the style 
and the stigma. Due to the difference in 
the orientation of the bundles in the two | 
rings, the various zones of the pericarp 
acquire a characteristic appearance in cross- 
sections. 

Endosperm and Embryo in Mature Fruit — 
The mature endosperm is vase-like and 
on the periphery it appears circular in 
lower region (Figs. 81, 82) and more 
or less pentagonal in the upper portion 
( Fig. 83). The truncated flattened base 
is solid and the broader middle part is 
hollow with massive walls (Fig. 71). 
The apex is open and bluntly five-lobed. 
The embryo is enclosed in the upper hollow 
part of the endosperm in such a way that 
the radicular end closely fits at the apex 
( Figs. 71, 80). 

The outer epidermis of the endos- 
perm consists of small cells with dense 
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Figs. 68-71 ( microphotographs ) — ( emb, embryo; es, embryo sac; sus, suspensor ). Fig. 68. L.s. 
ovary with the lower ends of four embryo sacs; es, shows cellular endosperm while es, and es, 
show only the primary endosperm nucleus. x 140. Fig. 69. Same, proembryo surrounded by 
the composite endosperm; the raised structure below the proembryo is the collenchymatous pad. 
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L.s. mature fruit. 
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Fig. 70. Dicotyledonous embryo with endosperm and portion of pericarp. x 79. Fig. 71. 
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RIGS 712, 73 
T.s. fruit at the radicular region of the mature 


( microphotographs ) — Fig. 72. 


embryo. x 8. Fig. 73. the 


radicular portion from Fig. 72. 


Enlargement of 


ESS: 


cytoplasm. Two to three inner layers adja- 
cent to the embryo get crushed. The rest 
of the cells of the endosperm are thin- 
walled and contain abundant starch ( Fig. 
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79). Tannin may be present in some of 
the cells. 

The embryo shows several interesting 
features. At the apical end the two 
unequal cotyledons can easily be marked 
out even though they are fused ( Figs. 71, 
80, 81). The lateral processes around 
the swollen radicular end (Figs. 71-73, 
80) probably enable the naked seed to 
secure a better hold on the host at the 
time of germination. 

In the region of the plumule each coty- 
ledon shows three bundles (Fig. 83). 
The radicular end has a ring of approxi- 
mately thirteen collateral endarch bundles. 
Occasionally, the xylem may be obliquely 
oriented in some of the bundles and in 
still others only the phloem is present. 
The vascular arrangement clearly indicates 
that this swollen structure, referred to as 
the radicular end, is far from a true 
radicle and is really an extension of the 
hypocotyledonary region. This confirms 
the views of McLuckie (1923) and 
Thoday (1951) who also state that the 
embryos of several Loranthaceae are 
devoid of a true radicle. 


Discussion 


Danser (1933) placed the genus Heli- 
canthes in the tribe Lorantheae, subtribe 
Hypheatinae. A study of many genera 
of this subtribe brings out some similar- 
ities such as the presence of a 4 to 5- 
carpellary one-chambered gynoecium, the 
differentiation of a collenchymatous pad, 
and the fusion of the cotyledons except 
in the region of the plumule. 

The structure of the mamelon shows 
very marked differences. Of all the 
genera studied under the subtribe Hyphea- 
tinae, Helicanthes is alone in having an 
unlobed conical mamelon. In Amyema 
also a rudimentary mamelon develops but 
this is of a secondary nature (see Dixit, 
1954a, b). The rest of the genera in this 
subtribe, viz. Barathranthus ( Schaeppi & 
Steindl, 1942), Dendrophthoe (Rauch, 
1936; Schaeppi & Steindl, 1942; Singh, 
1952; Narayana, 1954b, 1956), Helixan- 
thera ( Schaeppi & Steindl, 1942; Mahesh- 
wari & Johri, 1950), Scurrula ( Rauch, 
1936; Schaeppi & Steindl, 1942; Agra- 
wal, 1954), Tapinanthus ( Pienaar, 1952, 
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Dixit, 1956b), Taxillus (Schaeppi & 
it, : ppi Thus, Helicanthes stands out ver 
ie 1942; Narayana, 1955b ), and sharply from the rest of the genera anaes 
upeia (Smart, 1952), show an extreme the tribe Lorantheae in general, and the 
degree of reduction and there is no subtribe Hypheatinae in particular. Johri 


mamelon. & Agrawal (1954), therefore, proposed 
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Fics. 74-79 — (ca, calyculus; cp, collenchymatous pad; end, endosperm; Ic, leathery coat; par, 
parenchymatous zone; pem, proembryo; scl, sclereids; sus, suspensor; vl, viscid layer; vz, vascular 
zone ). Fig. 74. L.s. ovary, the terminal part of the proembryo is surrounded by composite endo- 
sperm (diagrammatic). x 10. Figs. 75-77. Stages in the development of fruit; note the gradual 
differentiation of the embryo and pericarp (diagrammatic). x 10. Fig. 78. Portion of pericarp 
marked O in Fig. 77. x 70. Fig. 79. Part of endosperm tissue (t.s.) at the mature stage of the 
embryo. x 114. 


Fics. 80-84 
endosperm; lc, leathery coat; pa, passage through which the embryo sacs go up and proembryos 
descend down; par, parenchymatous zone; pl, plumule; pr, lateral processes at the radicular end 
of the mature embryo; sus, suspensor; vb, vascular bundle; v/, viscid layer; vz, vascular zone). 


Fig. 80. L.s. mature fruit showing different parts. x 8. 
Fig. 80. All the figures are diagrammatic. X 5. 


that it should be assigned to a new tribe 
Helicantheae. However, for the present, 
it appears more appropriate to assign 
Helicanthes to a new subtribe Helican- 
thinae rather than to a new tribe Heli- 
cantheae. Out of the thirty-four genera 
assigned to the subtribe Hypheatineae, 
the embryology of only nine has been 
investigated so far and their affinities can 
be considered more fully only after ex- 
tensive comparative studies. 


Summary and Conclusion 


The floral morphology and embryology 
of Helicanthes elastica have been investi- 
gated. 

The inflorescence is a raceme with about 
fifteen sessile flowers arranged in a whorl. 

The perianth is pentamerous and 
strongly reflexed in the open flower. 


—(ca, calyculus; cot, cotyledon; cp, collenchymatous pad; emb, embryo; end, 


Figs. 81-84. T.s. at levels marked in 
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The vascular supply of the flower follows 
a pentamerous plan. The number of 
carpels, as judged from the vascular traces, 
is five. 

The anther wall consists of the epidermis, 
fibrous endothecium, two middle layers 
and the glandular tapetum. The micro- 
spore mother cells undergo simultaneous 
reduction divisions and tetrahedral as 
well as decussate tetrads are formed. 
Cytokinesis takes place by furrowing. 
The mature pollen grains are tri-radiate 
and two-celled with three apical germ 
pores. 

The gynoecium is syncarpous and the 
inferior ovary is more or less globular. 
A short conical mamelon arises from the 
central part of the ovary at the base of the 
ovarian canal. The mamelon is unlobed 
and the whole of the hypodermal tissue 
is sporogenous. 
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A saucer-shaped collenchymatous pad 
is distinguishable three to five layers below 
the sporogenous tissue. 

The archesporial cells function directly 
as the megaspore mother cells. Linear 
tetrads of megaspores are formed. One 
or more megaspores of the same tetrad 
may function. Several embryo sacs 
develop simultaneously and ascend to 
almost half the length of style. The tips 
of the embryo sacs are swollen and contain 
the egg apparatus and the secondary 
nucleus. The lower ends of the embryo 
sacs containing the antipodal cells come 
close to the collenchymatous pad. 

Double fertilization seems to occur 
normally. The primary endosperm nu- 
cleus travels down to the base of the 
embryo sac which is situated in the ovary. 

The endosperm is Cellular and develops 
from the base of the embryo sac upwards. 
It starts developing in several embryo sacs 
and the cells of different endosperms 
coalesce giving rise to a composite endo- 
sperm. The shape of the mature endo- 
sperm is vase-like and in a cross-section it 
is five-lobed. 
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The first division of the zygote is vertical 
and the subsequent divisions are trans- 
verse resulting in a biseriate proembryo. 
Polyembryony is common since several 
proembryos from different embryo sacs 
develop simultaneously in the same style. 

The embryonal mass differentiates into 
two cotyledons, enclosing the plumule and 
a swollen radicular end. At maturity the 
cotyledons fuse except in the region of 
plumule. The anatomical structure of the 
radicular end shows it to be an elongated 
hypocotyledonary region rather than the 
root. 

The fruit is a pseudoberry. The seed 
is naked and devoid of testa. The peri- 
carp is distinguished into the leathery coat, 
viscid layer, parenchymatous zone and 
vascular zone. 

It is concluded that Helicanthes should 
be assigned to a new subtribe Helican- 
thinae under the tribe Lorantheae. 

We are indebted to Professor P. Mahesh- 
wari for comments and suggestions. Grate- 
ful thanks are also due to Mr R. N. Kapil 
and Mr S. P. Bhatnagar for assistance in 
the preparation of the paper. 
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THE DEVELOPMENT OF THE VASCULAR SYSTEMS IN 
MACROPIPER EXCELSUM FORST.*—I. THE EMBRYO 
AND SEEDLING 


ENA BALFOUR 
Department of Botany, Canterbury University College, Christchurch, New Zealand 


Introduction 


The Piperaceae is a family which pre- 
sents many features that isolate it from 
other groups. In particular, the course of 
the vascular bundles in the stem is of ex- 
ceptional interest. Besides the usual ring 
of bundles, which may become united by a 
continuous cambium, there are also present 
in the pith a number of internal bundles. 
As seen in transverse section of an inter- 
node, these medullary bundles are arrang- 
ed in one or more rings. 

A number of explanations of this ano- 
malous stem anatomy have been put 


forward. In the first half of the 19th 
century the prevailing opinion was that 
the bundles found in the Piperaceae were 
partly foliar and partly cauline. In parti- 
cular the medullary system was considered 
to comprise cauline bundles. Karsten 
(1847, quoted by de Bary, 1884) alone 
believed that all bundles in the stems of the 
Piperaceae were bundles of the leaftrace. 
Weiss (1876, quoted by de Bary, 1884) 
described the course of the bundles in 
herbaceous and woody Piperaceae. In 
species of Peperomia, with a single or few 
leaf-traces the vascular system is relatively 
simple. Weiss showed that no bundles 


*This paper is taken from part of a thesis submitted for the degree of M.Sc. ( New Zealand ). 


The haustorial system of 


Ann. Jard. bot. Buitenz. 2: _ 
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other than leaf-traces were present. In 
woody members of the family, however, 
( Weiss, see Bond, 1931 ) “‘ the outer vas- 
cular ring includes larger and smaller 
foliar bundles, and still smaller bundles of 
a cauline nature. These latter are the 
only true cauline bundles present in the 
stem and extend through the length of one 
internode only and at the node fuse with 
nearby foliar traces or with other cau- 
line bundles of an adjacent internode. ” 
Furthermore, “the bundles of a many- 
bundled leaf-trace descend through at 
least one internode in the peripheral circle 
then, curving into the pith, they traverse 
a second internode in the medullary circle 
and finally insert themselves on the medul- 
lary bundles of a lower internode. On 
passing from the outer to the inner circle, 
two or three bundles may unite, and the 
number of medullary bundles may thus 
vary with little regularity in successive 
internodes.’’ Weiss, therefore, concluded 
that all medullary bundles are foliar in 
nature, cauline bundles being confined to 
the outer ring. 

It should be noted that, in his account 
of the findings of Weiss, de Bary does not 
refer to the occurrence of cauline bundles 
in the outerring. He, therefore, concludes 
erroneously that Karsten’s view was up- 
held. 

The systematics of the Piperaceae have 
been the subject of much dispute. The 
family is generally understood to comprise 
1150 species from tropical regions, grouped 
within 7 genera, namely: 


4. Piper 700 spp. tropical 

2. Peperomia 500 spp. tropical and 
subtropical 
especially 

America 

3. Macropiper 6 spp.  Polynesia 

4. Chavica 5 spp. Indomalasia 

5. Verheullia 2 spp. West Indies 

6. Symbryon 1 sp. Cuba 

7. Zippelia 1 sp. Java 


As a result of anatomical investigations 
Rousseau (1927) concluded that Piper 
constituted a type for the family, from 
which Peperomia showed major modifica- 
tions, whereas the remaining small genera 
created by Miguel and his successors could 
be grouped with Piper. The genus Macro- 
piper, created by Miguel, was not recog- 
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nized by Bentham & Hooker ( 1880) but 
was by Engler & Prantl (1894). Rous- 
seau showed that from the anatomical 
point of view Macropiper belonged to the 
Piper type, characterized in the internode 
by a peripheral ring of bundles comprising 
a complete foliar trace (a term denoting 
all the bundles which run out into a leaf ) 
and an incomplete foliar trace pectinating 
one with another. The principle foliar 
bundles descend the length of two inter- 
nodes, the others a single internode only; 
this explains the presence of two foliar 
traces in each internode. At the node 
each circle of bundles becomes united into 
an anastomosing girdle, both being con- 
nected by ‘ bridges’. The central ring of 
bundles is continuous throughout the stem 
and at the node foliar bundles become 
inserted on them. Although Rousseau did 
not study the development of the vascular 
system, he realized the uniqueness of the 
medullary bundles and gave to them the 
name “‘ sympodial bundles ”’. 

Another recent investigation of the 
Piperaceae was that of Kaplan ( 1936, 
1937) who studied the origin of provas- 
cular tissue below the apical meristem of 
the shoot of Piper. He describes two 
concentric rings of residual meristem, each 
giving rise to a separate vascular system. 
Such an organization implies that the 
inner, that is, the medullary system, is 
cauline in origin. 

The present investigation, from the 
point of view of developmental anatomy, 
was undertaken, since the problem of the 
presence or absence of cauline vascular 
tissue is an extremely interesting and 
theoretically important one. 

The example chosen was the New Zea- 
land shrubby representative of the family, 
Macropiper excelsum Forst. As a true 
understanding of the anatomy of the 
mature stem cannot be reached without 
reference to seedling anatomy, it was felt 
necessary to trace the processes of differ- 
entiation and development from the time 
when the resting embryo lies within the 
seed until finally maturity is reached. 


Materials and Methods 


Seeds obtained from Takaka, Nelson, 
during February 1956, were germinated 
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in the glasshouse and provided seedlings 
from which apices were fixed at intervals 
of several days. The fixative used was 
formaline-acetic-alcohol.  Tertiary-butyl- 
alcohol was used to dehydrate material, 
which was then embedded in paraffın 
( Johansen, 1940). Sections were cut at 
6-8. and stained with either safranin 
and fast geen ( Johansen, 1940), or with 
tannic acid/orange G (Sharman, 1943). 
The latter was found to give the best re- 
sults as differentiation of the vascular sys- 
tem could be traced to a very early stage. 


The Embryo 


It is now established that in embryos of 
dicotyledons, monocotyledons and coni- 
fers, the procambium is initiated before 
the primordia of the cotyledons are visible. 
When the cotyledons arise, procambial 
differentiation extends into them acro- 
petally (Esau, 1954). Little is known 
regarding the manner of connection of the 
traces of the epicotyl with the hypocotyl- 
cotyledonary system below. According to 
Miller & Wetmore ( 1945, 1946) the pro- 
cambium of the epicotyl of Phlox appears 
to be continuous with that in the hypo- 
cotyl from its inception. Reeve ( 1948 ) 
has demonstrated such continuity by 
means of photo-micrographs in the embryo 
of Pisum. 

Although there is initial continuity be- 
tween the procambium of the hypocotyl- 
root axis and the cotyledons of an embryo, 
and even the phloic and xylary parts of 
the procambium may be blocked out 
(Miller & Wetmore, 1945 ), the maturation 
of the first vascular tissues in the embryo 
and seedling follows a course which does 
not necessarily duplicate that of the 
procambial differentiation. In Phlox em- 
bryos some of the xylem elements distri- 
buted in several loci of the cotyledons 
mature before germination, but phloem 
elements rarely do so ( Miller & Wetmore, 
1945). In certain other plant species 
mature phloem was found in embryos: 
Esau ( 1943 ) ina review of vascular tissues 
in seed plants cites Dauphiné and Riviére 
( 1940 ) who recognized mature sieve-tubes 
in fully developed embryos of Lupinus, 
from the cotyledons down the axis to the 
level of the root-cap. Sieve-tubes in vari- 


PHYTOMORPHOLOGY 


[ December 


ous stages of differentiation were also 
detected in Helianthus, Riccinus and 
Mirabilis embryos. In the first two, the 
differentiation of the sieve-tubes occurred 
in the cotyledons. In the Phlox seedling 
(Miller & Wetmore, 1945) a continuous 
file of mature protoxylem cells is estab- 
lished, starting at the base of the coty- 
ledons and then progressing bi-directionally 
into the cotyledons and hypocotyl. The 


first phloem matures somewhat later than _ 


the first xylem in the seedling in this plant. 
It appears first in the hypocotyl, then 
differentiates bi-directionally. Later, the 
phloem continues its acropetal course into 
the epicotyl leaves. 


The present study began with the © 


mature seed of Macropiper. It is hard, 
black, ovoid, 2x 1 cm, enclosed in orange 
pulp, the whole spike forming a multiple 
fruit. The testa consists of an inner layer 


which is speckled brown, and an outer | 


hard black layer. Within the seed is an 
extensive pearly-white, mealy perisperm 
within the upper part of which is embed- 
ded a top-shaped endosperm sac. Within 
this sac is the very minute embryo, 0-2 mm 
long, this is attached at the base to the 


endosperm sac by a vestigial suspensor. : 


The embryo is a spherical body with a 
cleft running across the top. The two 
lobes thus formed are the cotyledons. 
Although the embryo of Macropiper is 
minute, it is well developed compared with 
that of Peperomia which Johnson (1910) 
describes as an undifferentiated globular 
mass, showing only 8-10 cells in P. hispi- 
dula. 

The works of Souéges and others review- 
ed by Johansen (1950 ) yield little infor- 
mation on histogenesis in the embryos of 
seed plants. Most investigations of em- 
bryological development include only those 
stages up to the formation of a sphere of 
embryonal tissue. The genus Piper is 
almost unknown embryologically. Johan- 
sen (1950) places Peperomia in the 
Piperad type of embryo, the principle fea- 
ture of which is that histogens, with the 
general exception of epidermal initials or 
epidermal cells, are ordinarily unrecogniz- 
able in such embryos. There was no 
differentiation in embryos of ripe seed of 
Peperomia spp. investigated by Johnson 
( 1900, 1910). 
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Sections of embryos of Macropiper, dis- 
sected out of seed before germination, 
however, reveal quite a marked degree of 
differentiation. The outermost layer is 
formed of regularly-shaped cells, with 
large nuclei and more densely staining 
cytoplasm than elsewhere in the embryo. 
Cell divisions in this layer are, with the 
exception of those leading to the formation 
of the root-cap, in an anticlinal plane. At 
the base of the embryo irregular cell divi- 
sions lead to the formation of a root-cap. 
Internally, two types of cells are apparent: 
large irregularly packed parenchyma 
within which lie elongated, narrow cells 
arranged in close-fitting files. These latter 
are the precursors of the procambium and 
constitute the provascular cone of the 
embryo. In longitudinal sections at right 
angles to the cleft between the cotyledon- 
ary lobes, this central cone divides at a 
short distance below the apex and a narrow 
file of cells runs out into each developing 
cotyledon. Thus the cotyledonary vas- 
cular system is mapped out at a time when 
the two primordia are forming. 

The protoplasm of the most central cells 
of the provascular cone tends to show 
shrinkage under the technical procedures 
employed in this study. A similar pheno- 
menon was observed by Miller & Wetmore 
in the course of a study of developmental 
anatomy of Phlox. They interpreted it as 
the first indication of potential xylem and 
their term protoxylem mother cells may be 
applied to similar cells in Macropiper. 
However, as cells in other regions of the 
embryo may show this feature also, al- 
though lacking the shape and staining 
characteristics of differentiating vascular 
precursors, due care must be taken when 
using this criterion for detecting immature 
protoxylem elements. 


The Seedling! 


The first sign of germination of the seed 
is the rupture of the hard outer layers of 
the testa, exposing the delicate, speckled 
inner layer covering the endosperm. Later 


1. The least time taken for any specimen to 
attain any given stage of development is taken 
as the age for that stage. Thus the time of 
development is that of the optimal, not the 
actual, nor the average, age for the specimen 
at that stage. 


the radicle protrudes from the apex of the 
seed and by the fifth day bursts through 
the protective layers and grows down- 
wards. By the sixth day a well-defined 
root can be seen, with hypocotyl-root axis, 
root-hair region, and an actively elongat- 
ing apical region. Inside the endosperm 
sac the cotyledons are enlarging and 
pushing the sac further into the perisperm. 
The seventh day after germination begins, 
the root has penetrated several milli- 
metres of soil and the base of the coty- 
ledons is seen emerging from the testa. 
The uppermost part of the seedling is 
coloured pale green, and a median section 
of the seed shows that the perisperm is 
disintegrating and being absorbed by the 
developing plant. The cotyledons are a 
definite green by the eighth day, and the 
midrib is visible. Internally the peris- 
perm appears much shrunken and a cavity 
is formed between it and the endosperm. 
Gradually the cotyledons are erected still 
with the seed-coat attached. The root 
and the hypocotyl continue to elongate 
and by the ninth day only a small quantity 
of perisperm remains. Finally the testa 
is shed on about the tenth-twelfth day. 
Johnson (1910) also found that the tips 
of the cotyledons of Peperomia remain 
enclosed in the endosperm until the starch 
of the perisperm is exhausted. Once the 
cotyledons are free of the testa, the acro- 
petal development of the lamina can 
clearly be seen. A few days later the first 
epicotyl leaf is revealed by the flattening of 
the cotyledons into a horizontal position. 

As this leaf develops and the petiole 
elongates, a slight swelling is noticeable 
at the base, at the point of insertion of L, 
into the cotyledonary node. (In what 
follows, leaves will be referred to as L,, Ly, 
etc.) This is the apex and developing Ly, 
still surrounded by the petiole of L,. Soon 
L, protrudes and in turn shows the charac- 
teristics swelling at the base, indicating 
the growth of L,. In a similar manner 
successive leaves are developed. The 
stem continues to elongate and gradually 
a many-leaved seedling is formed. 


Course of the Bundles 


COTYLEDONARY STAGE (Fig. 1)— The 
epidermal cells seen in the embryo enlarge 
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and undergo repeated anticlinal divisions, 
with the result that narrow, lighter-stain- 
ing cells now form the epidermis. The 
broad zone of cortex is made up of large, 
irregularly packed pärenchyma cells con- 
taining numerous chloroplasts. Internal 
to these tissues is the developing vascular 
system, originally a solid cylinder of 
homogeneous meristematic cells. Develop- 
mental changes occur within the centre of 
the provascular cone below the point of 
insertion of the cotyledons. Certain cells 
increase in size and degree of vacuolation 
with consequent decrease of stainability, 
and a pith begins to form. It continues 
to be added to by differentiation of the 
central apical derivatives, and is conti- 
nuous with the differentiating parenchyma 
of the adaxial surface of the cotyledons. 
A cylinder of cells is thus delimited be- 
tween the differentiating pith and cortex: 
the Restmeristem of Kaplan (1937). The 
median bundle to the first leaf (M,) later 
becomes visible in this circle. 

First LEAF STAGE (Fig. 2)—The 
median bundle of the first leaf is conti- 
nuous with the hypocotyl vascular system 
and develops acropetally into L,. Below 
the apex a ring of residual meristem 
remains, within which M, differentiates. 
At about this level the cotyledonary 
traces merge with the ring and as they 
descend, they gradually increase in area 
while the pith decreases. The cotyledon- 
ary traces and the median bundle to the 
first leaf fuse to form a solid cylinder of 
vascular tissue. This continues through 
the root-axis to above the level of the 
root-cap. 

SECOND LEAF STAGE (Fig. 3)—The 
median bundle to L,, which is traceable 
from the level of the hypocotyl (in young 
seedlings ) into the leaf, develops acro- 
petally. In this respect lateral bundles 
to L, show an important difference in 
their development: the procambium of 
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such bundles develops basipetally. Fig. 3b 
shows an early stage of development of 
L,, in which, a short way behind the 
apex, three bundles are visible. The two 
laterals soon fade out, however, so that by 
the time the cotyledonary node is reached 
only M, remains (Fig. 3c). The next 
pair of lateral bundles of L, also develop 
basipetally ( Fig. 4c, d), but in seedlings 
at a later stage the third pair of laterals 
( Fig. 5c ) fuse and run into the hypocotyl 
complex. It proved impossible to detect 
in what direction differentiation had 
occurred in these bundles but basipetal 
would be expected. 

THIRD LEAF STAGE ( Fig. 5 )— The mid- 
rib of the third leaf originates in the hypo- 
cotyl complex and is at all stages conti- 
nuous from below into this leaf. It 
ascends through the internode 1-2 as a 
medullary bundle ( Fig. 5c ) together with 
two other bundles which also originate in 
the cotyledonary node. These latter two 
bundles finally disappear in a semicircle 
of meristematic cells at the node of L, 
(Fig. 5b). This arc of meristem which, 
because of its function and position, will be 
termed the central cauline meristem, is not 
continuous with either the apical meristem 
or its undifferentiated derivatives. Ins- 
tead it develops from differentiated ground 
tissue. At the cotyledonary node ( Fig. 
5e) two other small bundles (white) 
split away from the complex and traverse 
internode 1-2 as small bundles which 
flank M,. A ring of small densely-stain- 
ing cells links all the bundles which tra- 
verse this internode in the peripheral 
circle. This ring, which will be called the 
peripheral cauline meristem, is not a resi- 
dual meristematic ring but is formed by 
dedifferentiation of cells of the ground- 
tissue between the foliar bundles of the 
outer ring. At the node of L, these two 
bundles and the ring disappear, only the 
stippled bundles passing into Ly. 


<— 


Fics. 1-5 — Development of the vascular systems of Macropiper excelsum. 
Fig. 2a-c. Successively lower sections through seedling 


(m,, mz, midribs of first and second leaf). 
Fig. 4a-e. Later stage in the development of 


tion of cotyledons in seedling 5-7 days. 
axis: from first internode to hypocotyl. 
Insertion of second leaf (leaf-trace stipled ). 
second leaf. 


Note basipetally-developing lateral bundles of this leaf (c-d). 


Fig. 1a-c. Inser- 
Fig. 3a-d. 


Fig. 5a-f. Succes- 


sively lower sections through seedling axis: from point of insertion of leaf 3 to hypocotyl. Note 
the appearance of cauline medullary and peripheral bundles ( white). 
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These two bundles are, therefore, cauline 
bundles: they form within the peripheral 
cauline meristem. It can be seen from 
Fig. 6f that this meristem eventually 
gives rise to a circle of cauline bundles 
which, in general, alternate with foliar 
bundles. At a node they link with neigh- 
bouring bundles. 

Examination of several seedlings at 
comparable stages showed a number of 
variations on the detailed course of the 
bundles, but they conformed to the 
general principles outlined above. 

SIXTH LEAF STAGE (Fig. 6 )— Imme- 
diately below the node of L,, two arcs of 
meristematic cells are seen (Fig. 6d). 
These are the central cauline meristem 
from which are forming acropetally the 
five medullary bundles (white) in the 
lower sections. The lateral bundles of L, 
will become continuous with these medul- 
lary bundles, and the beginning of this 
process can be traced in this series of 
sections ( Fig. 6d, e). Of the two late- 
rals adjacent to the midrib of L, that to 
the right is seen to unite with the central 
cauline meristem while that to the left still 
ends blindly in the ground-tissue. The 
other pair of laterals of L, end blindly above 
the level of the central cauline meristem. 

At a slightly lower level (ca, 204) the 
peripheral cauline meristem arises between 
the foliar trace of L, ( which at that level 
forms the outer vascular ring). It is 
composed of small radially elongated cells 
separating the pith and cortex. As al- 
ready described in the third leaf stage, 
cauline bundles differentiate within this 
meristem. The remainder of the meriste- 
matic cells gradually assume the charac- 
teristics of typical sclerenchyma, thus 
forming a continuous sheath around the 
periphery of the stem in which the outer 
ring of bundles is embedded. The cauline 
bundles formed in the outer ring traverse 
an internode in that position and then, 
at the neighbouring nodes, fuse with near- 
by bundles. 

In general, cauline bundles may be re- 
garded as forming one system of bundles 
in Macropiper. On to this acropetally 
developing system the basipetal foliar 
bundles (i.e. a complete foliar trace minus 
the midrib ) become inserted. The cauline 
system consists of two parts: 
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(i) medullary bundles with which the 
principle foliar bundles become con- 
tinuous 

(ii) bundles which develop in the outer 
ring between bundles constituting 
the youngest complete foliar trace. 

Certain foliar bundles divide unequally 

in passing inwards at the node into the 
medullary ring, the smaller branch conti- 
nuing down the internode in the periphera! 
ring and becoming inserted on the smaller: 
cauline bundles already present in the 
stem, thereby obscuring the cauline nature 
of such bundles. Unless a detailed study 
of developmental anatomy of the plant 
is undertaken, it would be quite easy tc 
believe that all medullary bundles were. 
foliar. With such a study, however, the. 
cauline component of such bundles be- 
comes apparent. Median leaf bundles (M) 

are the only foliar bundles which pass 

through an internode in the pith without 

becoming fused with cauline bundles. 

This is due to the continuous acropetal 

development of the midrib in contrast to 

the basipetal development of lateral foliar 

bundles. 


Vascular Differentiation 


In embryos before germination xylary 
parts of the procambium can be demons- 
trated, but it is not until germination has 
begun that maturation is reached by 
particular elements. This is at the time 
when the radicle is still covered by the 
innermost testa layer, and is seen as a 
speckled protruberance from the black 
seed-coat. The first elements to mature 
are xylem vessels, whose lignified walls 
stained red by safranin mark them out 
from among neighbouring procambial 
cells. Although differentiation is variable 
with regard to the age at which it occurs 
in a particular seedling, seedlings 5-7 days 
old have a continuous file of mature xylem 
extending from within the cotyledons 
down to the lower part of the root-axis. 
The pattern of differentiation follows that 
of the procambium, being continuous and 
acropetal. However, maturation of the 
phloem is not so orderly. Isolated files 
of mature sieve-tubes, distinguished by: 
lack of cell-contents and darker-staining ' 
walls, are found extending in an irregular’ 
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pattern throughout the vascularizing re- 
gion of the axis. In tracing the longi- 
tudinal course of the bundles in such a 
seedling it was found that phloem elements 
distributed in several loci in the hypocotyl 
mature but at this stage do not form a 
continuous file of cells. Later the sieve- 
tubes become linked by the maturation 
of the intervening elements. The xylem 
presents a continuous system of vessels, 
although in transverse section only one 
or two may be linked with higher and 
lower xylem elements. Further vessels 
may have matured around this file of cells 
but are not connected to other vessels at 
either end, only to neighbouring procam- 
bial cells. Thus the impression gained 
during initial maturation in seedling stages 
is that of an irregular process, resulting 
in isolated phloem elements, while xylem 
elements become organized into a few 
files of continuous cells, due perhaps to 
more rapid maturation of this component 
of the vascular tissue. 


Summary and Conclusions 


Unlike the seeds of most plants, the 
storage tissue in that of Macropiper is 
perisperm. Endosperm is confined to a 
small sac, within which the minute em- 
bryo lies, at the apex of the seed. The 
embryo shows a high degree of differentia- 
tion since not only epidermis and ground- 
tissue, characteristic of Piperad type of 
embryo ( Johansen, 1950), are present, 
but also a provascular cone. Cotyledo- 
nary lobes can be seen in the embryo found 
in the resting seed. 

Perhaps the most interesting feature of 
the Piperaceae, and the one that forms 
the principle theme of this study, is the 
arrangement of the vascular tissue. The 
gross features of the mature stem are well 
known and have been described fre- 
quently, particularly fully by Rousseau 
(1927). Little modification would be 
made to these accounts as a result of the 
present investigation. The main features 
of the course of the primary bundles in 
the mature stem may be summarized as 
follows: in each internode there are two 
rings of bundles, at the node they are 
united laterally and radially in a complex 
and not strictly regular manner, while an 
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arc of bundles, the leaf-trace, runs out 
into the leaf sheath. 

It is in the interpretation of this arrange- 
ment that the present study would modify 
previous opinions. The investigations 
have mainly been from the point of view 
of developmental anatomy because it was 
felt that, to understand the vascular 
pattern of a mature plant, a knowledge 
of the origin of its vascular system 1s 
essential. Developmental studies must be _ 
made not only of apices of mature shoots 
but also, and perhaps this is even more 
important, of the manner in which pro- 
vascular tissue is mapped out in the em- 
bryo and seedling. That is to say, it is 
necessary to trace vascular development | 
in the primary plant body. 

Judged from this aspect the vascular 
system of Macropiper excelsum Forst. is 
seen to consist of three categories of 
bundles: 

(a) bundles which develop continuously 
acropetally in the pith, i.e. the mid- 
ribs, and the medullary bundles 
which form in the central cauline 
meristem 

(b) bundles which develop basipetally 
from the leaves and extend down- 
wards through one internode, form- 
ing the principle peripheral bundles 

(c) the remaining peripheral bundles 
which develop from the peripheral 
cauline meristem and are confined 
to the extent of one internode. 

This arrangement is remarkable in the 
basipetal development of the leaf-traces 
and in the presence of a distinct cauline 
system on which the foliar system is in- 
serted. 

Although most recent workers have 
shown that in vegetative shoots of dicoty- 
ledons and gymnosperms the procambium 
differentiates acropetally, reports of basi- 
petal do occur in the literature ( Ball, 
1949, Lupinus; Camefort, 1950, Cupressus; 
Buvat, 1951, Myosurus ). Also Langdon 
( 1927, 1931) describes basipetal differen- 
tiation of the procambium of leaf-traces 
of Quercus and Carya. 

However, it is with a monocotyledon, 
Zea mays, that Macropiper shows greatest 
similarities with respect to development 
of the foliar trace. According to Sharman 
( 1942 ) in Zea the median bundle develops 
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acropetally “ at least in the upper part of 
its course ” within the axis. The lateral 
strands appear to originate in the vicinity 
of the leaf insertion and to progress acro- 
petally into the leaf and basipetally into 
the axis. This pattern of development 
corresponds with that found during the 
present study of Macropiper. 

By following serial transections of the 
apex, the course of vascular differentiation 
can be traced. Near the apex of the leaf 
only the midrib is seen as a procambial 
strand, while lower down subsidiary 
bundles of the foliar trace differentiate. 
However, these fade out at the level of 
insertion of the leaf onto the axis, and 
only the midrib is continuous through 
the extent of the extremely short lower 
internode. In the internode below that, 
it appears as one of a number of medullary 
bundles. At a later stage in the develop- 
ment of the leaf, the subsidiary foliar 
bundles differentiate basipetally to be- 
come linked with these cauline medullary 
bundles. 

Cauline bundles have been described 
by Boke (1941) in the pith of the cactus 
Trichocereus, and internal cauline bundles 
alternating with “cortical” leaf-traces 
are reported in Casuarina (Metcalfe & 
Chalk, 1950). In Quercus and Carya, 
Langdon ( 1927, 1931) considers that the 
apex of the very young seedlings differs 
from those of the leafy shoot by the pre- 
sence of cauljne procambial strands. Such 
cauline bundles, however, are discernible 
only in the seedling before they have be- 
come dominated by the traces of the leaf. 

The evidence for believing cauline bun- 
dles are present in the stem of Macro- 
piper is based on the observed develop- 
ment of bundles which are unrelated to 
leaf primordia. Two meristems arise in 


the axis, one in the pith, the other between 
foliar bundles in the peripherial ring. 
They are formed when differentiating 
cells of the ground-tissue resume meriste- 
matic activity and are not continuous 
with the apical meristem, that is to say, 
they do not constitute a residual meristem 
as described by Kaplan ( 1937). Initially 
appearing as a homogeneous ring or two 
discrete arcs, the central cauline meristem 
differentiates acropetally to form separate 
procambial strands in the pith. The peri- 
pheral cauline meristem is also formed of 
homogeneous cells lying between foliar 
bundles in the outer ring. It arises at the 
node of the second youngest leaf behind 
the apex, again from cells of the ground- 
tissue, and forms cauline bundles which 
in general alternate with bundles of the 
foliar trace of that leaf. However, unlike 
the central cauline meristem which has a 
continuous acropetal development, this 
peripheral cauline meristem is confined 
to the length of one internode, arising 
de novo in successive internodes. 

The morphological implications of this 
ontogeny cannot properly be discussed 
without a comparative treatment of 
several seedling types, but it may be 
suggested that the manner of mapping 
out of the vascular system, differing as it 
does from that typical of dicotyledons, 
constitutes a further type of development 
to which not only Macropiper but also 
other plants may belong. ; 
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of Professor W. R. Philipson throughout 
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VASCULAR BUNDLE SHEATHS IN THE GENUS ARISTIDA 
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The characteristics of the bundle sheath 
cells as they occur in grass leaves have 
been described by Schwendener ( 1890 ), 
Van Fleet (1942), and Esau (1953). 
While Schwendener enumerated tribes of 
grasses which had one and two sheathing 
layers, Esau generalized that members of 
the subfamily Festucoideae possessed two 
sheathing layers while only one bundle 
sheath surrounded the leaf vascular 
bundles of the subfamily Panicoideae. 
Schwendener suggested that when only 
one sheath was present, the parenchyma 
sheath often looked like the mestome 
sheath and actually served its function. 
The terms inner and outer bundle sheath 
have been used recently to avoid reference 


to physiological activities and anatomical | 
structure, as well as to eliminate the con- 
cept of specific functions of the two layers. 
In those forms that have only one sheath 
the characteristics and functions are com- 
bined into a single layer of cells which 
can then be referred to as the bundle 
sheath. 

In addition to those characteristics 
mentioned by Schwendener ( 1890 ) there 
are two characteristics present in the 
Festucoideae which generally distinguish 
the inner and outer bundle sheaths. First, 
chloroplasts are lacking in the cells of the: 
inner bundle sheath, but they are present 
in the outer bundle sheath cells in numbers: 
comparable to, or fewer than the chloro» 
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plasts in the surrounding mesophyll cells. 
Second, the cells of the outer bundle sheath 
are larger in diameter than those of the 
inner bundle sheath. 

While the above two characteristics were 
present in most local grasses ( Lommasson, 
1948), the exceptions to both character- 
istics in local species of Aristida are the 
main concern of this study. 

Theron (1936) described the South 
African species of the genus Aristida by 
the use of anatomical characteristics of 
the foliage leaves. He remarked that the 
mestome sheath was lacking not only in 
sections Stipagrostis and Schistachnee, but 
also in many species of sections Chaetaria 
and Arthratherum of the genus Arıstida. 
For that reason he attached little taxo- 
nomic importance to the parenchyma 
and mestome sheaths. An examination 
of his illustrations showed that only one 
species apparently had the same arrange- 
ment of the bundle sheaths as occur. in 
three local species of that genus. Theron 
may have misinterpreted the specialized 
configuration of the inner bundle sheath 
since all of the species of Aristida con- 
cerned in this study belong to the Chae- 
taria section of the genus, and all show 
both bundle sheaths with the anomalous 
characteristics. However, Vickery (1935 ) 
interpreted this unusual condition correct- 
ly when she stated, “ In Aristida, how- 
ever, the inner sheath consists of larger 
cells than the outer and is conspicuous 
around all the bundles.” 


Materials and Methods 


Leaves of Aristida basiramea Engelm., 
Aristida curtissii (A. Gray) Nash., and 
Aristida oligantha Michx. were collected 
in Iowa and Nebraska and both culm and 
basal leaves were examined. Fixed mater- 
ial was embedded in paraffin and sec- 
tioned by a rotary microtome to obtain 
transverse and paradermal sections of the 
leaf blade. Sections were stained with 
safranin 0 and Delafield’s haematoxylin 
for permanent slides. Temporary pre- 
parations made from free-hand sections 
of both leaf blade and leaf sheath were 
used in determining the origin and extent 
of.the unusual configurations of the bundle 
sheaths in these leaves. 
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Observations 


The typical structure of the leaf blade 
of Aristida was considered to be that 
shown by sections from the widest part 
of the culm leaves (Figs. 1, 2). Some 
workers ( Vickery, 1935 ) have considered 
basal leaves preferable to culm leaves. 
Goossens (1938) considered that “... they 
are sooner full grown, are better deve- 
loped than culm leaves, and exhibit the 
chosen features much better.” Others 
( Fisher, 1938; Burbidge, 1946; Lommas- 
son, 1948) have used culm leaves. The 
present observations were made on culm 
leaves with the thought that they pre- 
sented, not only convenient material, but 
the highest degree of specialization found 
in leaf tissue anywhere in the plant. From 
the transverse section (Fig. 1) many of 
the structural characteristics common to 
several local species of Aristida can be 
seen. The cuticle and the outer epidermal 
walls of cells above the vascular bundles 
were much thicker than those of the bulli- 
form cells which constitute the upper 
epidermis between the longitudinal bun- 
dles. Depending upon the size of the 
vascular bundle and upon the species, 
sclerenchymatous tissue was found in 
variable amounts beneath the upper 
epidermis and above the lower epidermis. 
The mesophyll tissue was concentrated 
in a single layer of cells surrounding the 
vascular bundle, which is a Panicoid 
characteristic as used by DeWet ( 1956). 
Two bundle sheaths surrounded a well- 
defined xylem and phloem. 

The anomalous condition of the bundle 
sheaths was apparent in two ways: the 
larger diameter of the inner bundle sheath 
cells and the abundance of chloroplasts 
in their cells. Conversely the outer 
bundle sheath cells were smaller and had 
fewer chloroplasts. This condition was 
strikingly emphasized by the paradermal 
section of a vascular bundle in which the 
large diameter and numerous chloroplasts 
of the inner bundle sheath are well 
marked (Fig. 2). The concentration of 
chloroplasts in a bundle sheath was not 
in itself considered unique. Many of the 
Panicoideae have a similar concentration 
of chloroplasts, but in these forms there 
is only one bundle sheath. In the other 
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Figs 1-2. 
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Festucoideae, where two bundle sheaths 
normally occur, the inner bundle sheath 
is composed of small thick-walled cells, 
while the outer bundle sheath cells are 
larger and thin walled. Chloroplasts do 
not occur in the small inner bundle sheath 
cells and are present in the outer sheath 
cells in numbers less than or approxi- 
mately equal to those found in adjacent 
mesophyli cells. They are never concen- 
trated in great numbers in the outer 
bundle sheath cells except in Chloridoid 
types such as Eragrostis and Eleusine, 
which may not belong in the Festucoideae 
( Pilger, 1954; Stebbins, 1956). In Aris- 
tida the two sheaths have been retained, 
and an intermediate condition seems to 
exist in which the Panicoid condition of 
concentrated chloroplasts is combined 
with the Festucoid characteristic of two 
bundle sheaths. After studying para- 
dermal sections of many grasses the im- 
pression was gained that in the Panicoid 
type the tissue, which might in Festucoid 
types produce an outer bundle sheath, 
produces mesophyll instead. 

The heavy walls of the inner bundle 
sheath were not peculiar since, in many 
of the Festucoideae, the inner bundle 
sheath cells were thick walled, but their 
diameter was much less than the outer 
bundle sheath cells. To have such large 
cells with such uniformly thick walls 
making up the inner bundle sheath pre- 
sented another very striking feature of 
the bundle sheaths of Aristida. 

The extent of these anomalous features 
in the whole leaf was studied in an attempt 
to discover the anatomical characteristics 
which accompany the development of 
these unusual features. Sections above 
and below the ligule and also those farther 
down in the sheath were most helpful. 

In the blade just above the ligule all 
minor longitudinal veins had mesophyll 
extending entirely over the vein while the 
major longitudinal veins were supported 
between the upper and lower epidermis 
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by strands of fibrous tissue. The strands 
associated with the major veins interrupt- 
ed not only the mesophyll but also both 
bundle sheaths below the veins and the 
outer bundle sheath above the veins. 
Only at the sides of each such major vein 
could the inner and outer bundle sheath 
cells be compared. The cells of the inner 
bundle sheath were larger (9u in dia- 
meter ) than those of the outer sheath 
(5u), indicating no change from the ano- 
malous condition found in the widest 
part of the blade. In minor veins, how- 
ever, the outer bundle sheath cells were 
almost the same size all around the vein 
(5u in diameter), but the inner bundle 
sheath cells were smaller above the xylem 
(5-6) than at the sides of the vein 
(9-10). Thus, in minor veins just above 
the ligule, the inner bundle sheath cells 
above the vascular tissue were no larger 
than the outer bundle sheath cells, but 
at the sides of the vascular bundles the 
unusually larger size of inner bundle sheath 
cells was evident. This indicated that 
the transition in cell size of the inner bun- 
dle sheath to the anomalous condition 
found in the widest part of the leaf is 
completed in the base of the blade, ie. 
just above the ligule; whereas the con- 
stant small size of the outer bundle sheath 
cells was evidence that they completed 
their modification in the leaf sheath, Le. 
below the level of the ligule. 

In the leaf sheath the adaxial epidermis 
or other non-green cells ( either fibrous or 
parenchyma ) interrupted the outer bundle 
sheath on the adaxial side of all veins 
except the midrib and the minor vein on 
each side of it. On the abaxial side of all 
veins the bundle sheaths merge into the 
abaxial strand of fibers which also en- 
circle the phloem and thus interrupt both 
bundle sheaths. 

Throughout the upper part of the leaf 
sheath a study of the midvein and the 
minor longitudinal vein on each side of 
it showed that on the sides of these veins 


Fics. 1-2 — Aristida oligantha culm leaf sections. | 
m, mesophyll; 0, outer bundle sheath; p, phloem; x, xylem ). 


(6, bulliform cell; 7, inner bundle sheath; 
Fig. 1. T.s. of a leaf showing a minor 


longitudinal vascular bundle. x 800. Fig. 2. Paradermal section of a leaf showing a vein of similar 


x 700. 


size. 
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the cells of the inner bundle sheath were 
larger than those of the outer bundle 
sheath adjacent to them. However, ad- 
axial to the vascular bundles, the cells 
of the outer bundle sheath were larger 
than those of the inner sheath. The 
small chlorophyll-containing outer bundle 
sheath cells at the sides of the bundle were 
approximately the same size as the small 
colorless inner sheath cells above the 
bundle (ca. 54). The largest cells of the 
outer sheath were above the bundle. They 
were colorless but were as large as the 
largest chlorophyll-bearing cells of the 
inner bundle sheath located at the sides 
of the bundle (ca. 174). The walls of the 
bundle sheath cells were of a uniform 
thickness of about one micron. The tran- 
sition from large to small cells within 
the outer bundle sheath and from small to 
large cells in the inner bundle sheath 
occurred where chlorophyll was found in 
the bundle sheath cells and the tissue 
surrounding the sheath. Where both 
bundle sheaths lacked chloroplasts, they 
exhibited the size pattern shown by other 
grasses. 

Lateral bundles of the leaf sheath illus- 
trated less markedly that on the sides of 
the veins the cells of the inner bundle 
sheath were larger than those of the outer 
bundle sheath. However, since the outer 
bundle sheath was interrupted by fibers 
or was apparent as small modified cells, 
the transition from large to small cells 
was not as striking as in the inner bundle 
sheath. Thus, while large inner sheath 
cells and small outer sheath cells were 
determined by the presence of chlorophyll 
in the cells, it appeared that ih Aristida 
colorless parenchymatous tissue adjacent 
to the non-green sheath cells resulted in 
large outer and small inner bundle sheath 
cells, which is a characteristic condition 
of other grasses. 


Discussion 


Holm (1901) observed “...that the 
structural peculiarity which we observed 
in Aristida fasciculata and which consists 
of the presence of a double parenchyma 
sheath around the mestome-bundles is 
only possessed by certain species of this 
genus, not by all, and not by any of the 
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other genera of grasses examined.” He 
supported his argument for a “ double 
parenchyma-sheath ” by indicating that 
the inner sheath departs from the structure 
which is characteristic of the “ mestome- 
sheath ” as described by Schwendener. 
Yet Schwendener (1890) indicated that 
the inner sheath was composed of elongat- 
ed and parenchymatous cells which in 
some forms differed from the mechanical 
cells with rounded or oval pores of the true | 
bundle sheath. Apparently, Schwendener 
thought the difference in structure of 
inner bundle sheath cells was not signi- 
ficant enough to make such a distinction 
as Holm did. The observations recorded 
in this paper likewise indicate that the 
structure of the cells of the inner bundle 
sheath changes both in the leaf sheath and 
the base of the blade, and that these 
changes seem to accompany the occurrence 
of chloroplasts in these and adjacent meso- 
phyll cells. Interpreted in a biochemical 
or morphogenetic sense instead of with 
the idea of histogenic origin as Holm may 
have held, this special feature of the bundle 
sheaths of Aristida may be interpreted 
not as a “ double parenchyma sheath” 
but simply as inner and outer bundle | 
sheaths which are peculiarly modified as 
to size and contents. The wall thickness, 
slope of the end walls, and pitting of the 
walls of the inner bundle sheath all fall 
within the description given by previous 
workers for the ““ mestome-sheath’’. 

In viewing the grass leaf acropetally, 
the anomalous differentiation of the bundle 
sheaths was first seen in the marginal veins 
near the base of the leaf sheath. In 
medial veins the transition to the special- 
ized condition occurred near the top of 
the leaf sheath and concurrently with the 
presence of chloroplasts in their cells. In 
most grasses the outer bundle sheath cells 
are large and they also contain chloro- 
plasts. If this size is associated with the 
activities carried on by cells at the chloro- 
phyll-vascular tissue boundary, it is reason- 
able to believe that in Aristida, where 
the chlorophyll-vascular boundary shifts 
to the inner bundle sheath, the size change 
should also take place. Since the outer 
bundle sheath in Aristida is no longer 
at the chlorophyll-vascular boundary, its 
cells no longer perform functions, such as 
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accumulation of materials which are asso- 
ciated with a boundary layer ( Van Fleet, 
1942). The loss of size of the outer 
bundle sheath cells may be seen in 
marginal veins near the base of the leaf 
sheath, while in the medial veins the outer 
bundle sheath cells are larger where the 
inner bundle sheath cells are devoid of 
chloroplasts. This implies a functional 
causation for a change in size of these cells 
rather than a specificity determined by 
their particular histogenic origin. The basic 
biochemical or morphogenetic causes for 
development of chloroplasts in the inner 
bundle sheath have not been investigated. 

As shown in the observations, the inner 
bundle sheath cells above the xylem of 
minor veins did not increase in size in the 
leaf sheath but in the blade. The greatest 
concentration of chloroplasts occurs in the 
leaf blade which implies greater activity 
at the chlorophyll-vascular boundary due 
to the amount of photosynthate produced. 
This increased activity may in part be 
related to the increased size of the cells 
and is undoubtedly related to the change 
in color and nature of the chloroplasts as 
observed by Holm (1901). 

The recent evidence that has accumulat- 
ed concerning grasses with regard to the 
embryo (Reeder, 1957), resistance to 
weed-killing chemical ( Al-Aish, 1956), 
leaf anatomy, leaf epidermis, and spikelet 

type (Stebbins, 1956 ) would indicate that 
a new tribe Aristideae as suggested by 
Hubbard (1948) and followed by Pilger 
(1954) is a realistic placement for this 
genus in view of this bundle sheath condi- 
tion which is unique in the Gramineae. 
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Summary 


In the leaf blade the vascular bundle 
sheaths in certain species of the genus 
Arıstida have a unique appearance in that 
the cells of the inner bundle sheath are 
large and those of the outer sheath are 
small, and the greatest concentration of 
chloroplasts occurs in the inner bundle 
sheath which in most grasses is devoid of 
chloroplasts. 

Although this condition has been inter- 
preted as a double parenchyma sheath by 
another worker, the criteria used to sub- 
stantiate this distinction could not be 
verified by descriptions of the parenchyma 
and mestome-sheaths which were quoted 
as the basis of the distinction. 

Observations on the leaf sheath showed 
that where the bundle sheath cells were 
colorless and were also surrounded by color- 
less tissue, the inner bundle sheath cells 
were small and the outer sheath cells were 
large as in other grasses. The change in 
size of the bundle sheath cells to the anoma- 
lous condition, found in Avistida, occurred 
where the inner bundle sheath cells deve- 
loped chloroplasts. A suggested explana- 
tion is advanced that this condition re- 
presents the results of special activities 
which occur at the chlorophyll-vascular 
tissue boundry. 

In view of this anomalous feature 
coupled with other recent research, the 
separate tribe which has previously been 
established for Arıstida seems warranted. 

A portion of this work was supported 
by a grant from the University of 
Nebraska Research Council. 


Literature Cited 


AL-AisH, M. 1956. The effect of isopropyl-n- 
phenyl carbamate on the germination of 
grass seeds and the bearing upon systematics 
of the Gramineae. Ph.D. Thesis. University 
of Texas. ee 

BuRrBIDGE, Nancy T. 1946. Foliar anatomy 
and the delimitation of the genus Triodia 
R.BR. Blumea Suppl. 3: 83-89. 

DEWET, J. M. J. 1956. Leaf anatomy and phylo- 
geny in the tribe Danthonieae. American 
J. Bot. 43: 175-182. 

Esau, KATHERINE. 1953. 
New York. 


Plant Anatomy. 


FISHER, B. S. 1938. A contribution to the leaf 
anatomy of Natal grasses: Tvicholaena 
Schrad. S. Afr. J. Sci. 35: 250-258. 

Goossens, A. P. 1938. A study of the South 
African species of Sporobolus R.BR. with 
special reference to leaf anatomy. Trans. 
roy. Soc. S. Africa 26 : 173-223. 

Horm, THEO. 1901. Some new anatomical 
characters for certain Gramineae. Beih. 
bot. Zbl. 11: 101-133. 

HUBBARD, C. E. 1948. The genera of British 
grasses. Jn Hutchinson, J. British Flower- 
ing Plants. London. 


370 


R. C. 1948. Tissue relations of 
grass leaves. Diss., St. Univ. Iowa. 

PILGER, ROBERT 1954. Das System der Gra- 
mineae. Bot. Jb. 76: 281-384. 

REEDER, JOHN R. 1957. The embryo in grass 
systematics. American J. Bot. 44: 756-768. 

SCHWENDENER, S. 1890. Die Mestomscheiden 
der Gramineen-Blatter. S.B. preuss. Akad. 
Wiss. Berlin. 1890: 405-426. 

STEBBINS, G. LEDYARD. 1956. 
and evolution of the grass family. 
J. Bot. 43 : 890-905. 

THERON, J. J.1936. Anatomisch-systematische 
Untersuchung der Laubblätter sudafrikanis- 


LOMMASSON, 


Cytogenetics 
American 


PHYTOMORPHOLOGY 


[ December 


cher Aristida-Arten. Diss., Friedrich-Wil- 
helms Universität. 

VAN FLEET, D. S. 1942. The development and 
distribution of the endodermis and an asso- 
ciated oxidase system in monocotyledonous 
plants. American J. Bot. 29: 1-15. 

— 1942. The significance of oxidation in the 
endodermis. American J. Bot. 29: 747- 
795: 

VICKERY, Joyce W. 1935. The leaf anatomy 
and vegetative characters of the indigenous 

Proc. 


grasses of New South Wales. I. 
Linn. Soc. New South Wales 60: 340- 
3:13: 


ROOTING AND HISTOLOGICAL RESPONSES OF DETACHED 
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REFERENCE TO BOERHAAVIA DIFFUSA LINN. 
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The paper by Kraus, Brown & Hamner 
( 1936 ) on the gross and histological reac- 
tions of red kidney bean to the application 
of indoleacetic acid created great interest 
and stimulated new investigations dealing 
not only with responses induced by this 
substance but with other substances also. 
A number of synthetic substances are now 
known also to induce or to promote root 
formation in various plant organs, such as 
decapitated stems, stem and root cuttings, 
leaves, flowers and fruits. 

The histological responses following the 
application of growth regulating subs- 
tances have been described by various 
investigators. Most of these works relate 
to decapitated stem apices and cuttings 
of several plants. But very few compar- 
able studies with detached leaves have 
been made ( Gregory & Samantarai, 1950; 
Samantarai & Kabi, 1953, 1954a ). 

The majority of earlier findings ( for 
literature see Garner & Hammond, 1939; 
Hagemann, 1931; Swingle, 1940; Yarwood, 
1946 ) on the rooting of detached leaves 
are based upon culturing them either in 


water, or in moist sand, or soil without 
pretreatment with any growth substance. 
But in recent years detached leaves have 
been stimulated to produce roots by treat- 
ment with growth substances (Graham & 
Landes, 1945; LaRue, 1941; Misra & 
Samantarai, 1953; Samantarai & Kabi, 
1954b; Samantarai & Misra, 1953; Saman- 
tarai & Sinha, 1955; Thimann & Poutasse, 
1941; Zimmerman & Hitchcock, 1935, 
1937). These findings and a desire to 
know what changes take place in de- 
tached leaves after treatment with growth 
substances have prompted this investiga- 
tion. 


Materials and Methods 


Preliminary experiments were conduct- 
ed to observe the rooting response of de- 
tached leaves of various species, especially 
those with abnormal secondary growth, to 
auxin treatment. The following were 
used as test materials: Achyranthes aspera 
Wall., Aerua tomentosa Forsk., Amaranthus 
gangeticus Linn., Aristolochia elegans Mast., 
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Boerhaavia diffusa Linn., B. repanda 
Willd., Bougainvillea spectabilis Willd., 
Celosia argentea Linn., Citrullus colocyn- 
this Schrad., Crossandra infundibuliformis 
Nees, Dipteracanthus patulus Nees, Jaco- 
binia tinctoria Hemsl., Mirabilis jalapa 
Linn., Pereskia grandifolia Haw., Peris- 
trophe bicalyculata Nees, Pyrostegia venusta 
Baill., Salvadora persica Wall., Talinum 
paniculatum Gaertn., and Tephrosia pur- 
purea Pers. 

ß-Indolebutyric acid was used in various 
concentrations, viz. 0, 5, 10, 20, 50 and 
100 ppm. It was dissolved in a few drops 
of dilute ammonium hydroxide and diluted 
to 1,000 ppm. This was kept as a stock 
solution in a refrigerator. 

During the rainy season ( July-Septem- 
ber ), young vigorously growing leaves of 
the above species were severed at the base 
of the petiole with a sharp razor blade and 
the cut ends dipped separately in the 
prepared solutions contained in specimen 
tubes. After a 24 hr. treatment, they were 
thoroughly washed in tap water and then 
kept for a week in tap water in the tubes, 
with daily change of water. The tubes 
were kept in an enclosed chamber, the 
opposite faces of which were fitted with 
glass panes, the other two faces consisting 
of wire-gauze. The latter were covered 
externally with jute cloth which was kept 
constantly moist. The above procedure 
was also adopted with the controls. On 
the eighth day both treated and control 
leaves were planted in prepared soil in 
pots. 

Histological responses were studied in 
Boerhaavia diffusa since this species gave 
consistently uniform results, is found in 
abundance and has abnormal secondary 
growth. Leaves treated with 10 ppm of 
IBA and control leaves were fixed in FAA 
and the usual histological techniques were 
used. 


Observations 


GROSS RESPONSES — The rooting res- 
ponse of the detached leaves of various 
species to the application of IBA is 
presented in Table 1. 

All the treated detached leaves of Boer- 
haavia diffusa did not respond to the same 
extent. At first roots were formed only 
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from the adaxial side of the petiole but 
later they were produced from all sides and 
gradually spread upwards to the mid- 
region of the petiole (Fig. 19). It was 
only in one leaf that rooting took place 
right up to the base of the lamina (Fig. 21). 
Swelling was not evident at the cut end of 
the petiole so long as the leaves were in 
tap water, but an appreciable callus-like 
swelling was noticed during the period of 
growth in the soil ( Fig. 22). 

Both treated and untreated detached 
young leaves of Boerhaavia diffusa develop- 
ed to the adult size. Some even attained 
a greater size than that of the attach- 
ed leaves and the lamina became quite 
thick. 

ANATOMY OF THE NORMAL LEAF OF 
Boerhaavia diffusa — The vascular system 
of the leaf is described as follows. Three 
traces depart from the axial vascular 
cylinder leaving a single gap, and enter 
the base of the petiole of each leaf ( Figs. 
23, 24). The median trace continues its 
undivided and unbranched course through 
the whole length of the petiole and the 
midrib of the lamina ( Figs. 25-30). The 
two lateral traces during their upward 
course through the petiole split to give 
off two small bundles towards the adaxial 
corner of the petiole (Fig. 26). In the 
middle part of the petiole there are, 
therefore, one median and four other 
bundles. The bundles adjacent to the 
median bundle divide at the top of the 
petiole ( Figs. 27, 28). All the bundles 
except the median again divide in the 
laminar region ( Figs. 29, 30). Activity 
of the fascicular cambium is not notice- 
able. The pericycle as seen in transection 
consists of a few thick-walled cells capping 
the phloem of each bundle. The ground 
tissue of the petiole consists of thin-walled 
parenchymatous cells. There is no collen- 
chyma in the subepidermal region. The 
outer wall of the epidermal cell is thick, 
covered with a thin layer of cuticle. The 
mesophyll is differentiated into a layer of 
palisade cells beneath the upper epidermis 
and the loosely arranged spongy paren- 
chyma beneath the lower surface. In the 
midrib there are four bundles. 

ORIGIN OF Root PRIMORDIA — The first 
few root primordia are associated with the 
two extreme lateral bundles in the adaxial 
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TABLE 1 
SPECIES ROOTING DAY OF SPECIAL REMARKS 
EMERGENCE 
OF ROOTS 

Achyranthes aspera +++ 6th In higher concentrations rooting ex- 
tended up to the base of the lamina 
(Ripe 1920): 

Control Be 7th 5 ‘ 

Aerua tomentosa + + 45th Rooting in 100 ppm only (Fig. 3). 

Control ct almost the + 

same time ‘ 1 

Amaranthus gangeticus + + + 6th Rooting extended to the mid-region 
of the petiole and was scanty in 
lower concns. ( Figs. 4, 5). 

Control 8th an 

Aristolochia elegans _ wer 

Control -- N ar 

Boerhaavia diffusa +++ 4th In 50 and 100 ppm rooting extended to 

i the base of the midrib (Figs. 19-21). 

Control + 8th ae 

Boerhaavia repanda +++ 7th 

Control + 9th < 

Bougainvillea spectabilis _ Boa 

Control = wet ae 

Celosia argentea atin ae 6th Rooting confined to the adaxial side 
of the petiole ( Figs. 6, 7). 

Control oh 7th NS 

Citrullus colocynthis +++ 10th Profuse rooting was associated with 
splitting of the petioles and decaying 
of the lamina ( Figs. 10, 11 ). 

Control + 12th 25 

Crossandra infundibuliformis — at 

Control u see She 

Dipteracanthus patulus + + + 5th Profuse rooting in lower concns. 
( Fig. 8. ) 

Control + 7th hae 

Jacobinia tinctoria ++ 7th Rooting was confined to the adaxial 
side of the petiole ( Fig. 9). 

Control + 8th atte 

Mirabilis jalapa ++ 8th Roots rarely emerged from the base 
of the lamina ( Fig. 12). 

Control 11th ER 

Pereskia grandifolia _ fie All leaves decayed after 14 days ex- 
cept one which rooted after 30 days. 

Control _ Be, ae 

Peristrophe bicalyculata +44 4th In 100 ppm rooting extended up to 
the base of the lamina ( Figs. 13, 14). 

Control + 5th ie 

Pyrostegia venusta _ on 

Control — aoa 

Salvadora persica _ Treated leaves remained fresh for two 
months. 

Control = oe Same. 

Talinum paniculatum ++ 5th In higher concns. rooting extended 
along the midrib ( Figs. 15-17 ). 

Control =f 7th i 

Tephrosia purpurea ++ 7th In higher concns. rooting extended up 
to laminar region ( Fig. 18 ). 

Control + 9th Ze 


NOTE: +++, means profuse rooting; ++, 


—, means no rooting. 


means fair rooting; +, means scanty rooting; 
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corner of the petiole. Later, root primor-  pericyclic cells remain distinct and do not 
dia are formed In association with other divide during the course of the experi- 
bundles of the petiole. The thick-walled ment. The first histogenic change is seen 


Figs. 1, 2. Leaf of A chyranthes aspera showing rooting confined to the cut end of the 


Isis i) 
petiole in Fig. 1, and rooting extended up to the base of the lamina in Fig. 2. Fig. 3. Leaf of Aerua 


tomentosa showing rooting confined to the cut end. Figs. 4, 5. Leaf of Amaranthus gangeticus 
showing rooting extended to half the length of the petiole. Figs. 6, 7. Leaf of Celosia argentea: 
rooting confined to the adaxial side in Fig. 6 and swelling of the petiole after planting in the soil 


in Fig. 7. Fig. 8. Leaf of Dipteracanthus patulus showing rooting confined to the petiolar end. 
Fig. 9. Leaf of Jacobinia tinctoria showing rooting confined to the adaxial side. All Figs. x 0:7, 
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in the parenchymatous cells adjoining the  plasm, first divide in all directions but later 
bundles. These cells, which enlarge and this meristematic tissue becomes organiz- 
show denser and more deeply staining cyto- ed in cambium-like layers ( Fig. 31). 


16 


Fics. 10-18 — Figs. 10, 11. Leaf of Citrullus colocynthis showing profuse rooting and split- 
ting of the petiole in Fig. 10. Fig. 12. Leaf of Mirabilis jalapa showing rooting from the cut end 
and from the midrib. Figs. 13, 14. Leaf of Peristrophe bicalyculata showing profuse rooting in 
Fig. 13 and from the base of the lamina in Fig. 14. Figs. 15-17. Leaf of Talinum paniculatum: 
rooting at lower concn. in Fig. 15 and at higher concns. in Figs. 16 and 17. Fig. 18. Leaf of 
Tephrosia purpurea showing rooting along the rachis of the leaf. All Figs. x 0:7. 


extent of the rooting. 
Fig. 23. T.s. of stem at 


the subnodal region. Fig. 24. T.s. through the node showing departure of 3 traces from the 
axial vascular cylinder. Fig. 25. T.s. through the basal region of the petiole showing one median 
and two laterals. Fig. 26. T.s. through the middle region of the petiole showing the median and 
2 laterals on each side. Figs. 27, 28. T.s. through the top region of the petiole showing splitting 
of the lateral bundles adjacent to the median. Figs. 29, 30. T.s. through the base of the lamina 
showing further splitting of the bundles. Figs. 19-22. x 0:7; Figs. 23-30. x 41. 


Fies. 19-30 — Leaf of Boerhaavia diffusa, Figs. 19-21. Showing 
Fig. 22. Leaf grown in soil showing swelling as well as profuse rooting, 
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Figs. 32 and 33 show the progressive 
organization of the root apex. The cells 
of the root primordium have denser cyto- 
plasm than those of the surrounding 
parenchyma (Fig. 32). Fig. 33 shows 
the organization of the histogenic layers — 
dermatogen, periblem and plerome — in 
the developing root apex. The root-cap 
is also discernible and differentiates from 
the same initials that give rise to the 
dermatogen. Laterai roots originate in 
the normal way from the pericycle of the 
main root. The occasional roots and 
lateral roots in the control too originate 
and develop in a similar way. 

In the callus tissue, which developed at 
the cut end of both treated and untreated 
petioles, root primordia became organ- 
ized in a way similar to that described 
above. 

VASCULARIZATION OF THE ROOTS — The 
vascular elements of the root trace differ- 
entiate earlier than the histogenic layers of 
the developing root primordia. The xylem 
of the trace differentiates first close to the 
bundle and differentiates acropetally into 
the root and basipetally into the petiolar 
bundle ( Fig. 34). The xylem and phloem 
elements of the root trace are connected 
laterally around the intact pericycle with 
the respective elements of the petiolar 
bundle. The roots are mostly diarch. 
Vascularization of the roots formed trom 
the callus tissue takes place in a similar 
manner and the root traces are connected 
indirectly to the petiolar bundles through 
newly formed bundles of the callus tissue 
( Figs. 35, 36). The vascular tissue of 
the lateral roots is directly connected with 
the vascular tissue of the main roots and 
differentiates acropetally. 
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FORMATION OF CALLUS TISSUE AT THE 
Cur END OF THE PETIOLE — After trans- 
ference to the soil the cut ends of treated 
and untreated leaves form swollen masses 
of callus tissue ( Fig. 22), up to the height 
of a few milimetres. The growth of 
the callus tissue is especially vigorous at 
the: gadaxials corners) (Fi. 33), Ibis 
callus formation was seen to be due to 
repeated divisions of the parenchymatous 
cells round the basally severed vascular 
bundles. Figs. 35, 37 and 38 illustrate the 
extent of tissue proliferation and vascular- 
ization; remnants of degenerated mature 
cells can also be seen outside the active 
meristematic zone. The callus overgrowth 
is most extensive in the radial direction. 
Little callus tissue was usually present 
round the median bundle and the two 
adjacent bundles. 

At the periphery of the callus tissue the 
phellogen which soon appears, gives rise 
to cork cells on the outside and to paren- 
chymatous cells within ( Fig. 39). Callus 
formation in the control leaves was similar 
but less extensive. 

VASCULARIZATION AND SECONDARY 
GROWTH OF THE CALLUS TISSUE — In the 
callus, differentiation of new vascular ele- 
ments takes place in the dividing paren- 
chymatous cells in a fan-like manner in 
continuity and contiguity with the existing 
vascular bundles of the petiole. In other 
words, new vascular elements spread from 
the petiolar bundles ( Fig. 40-) and collec- 
tively appear either as a ring or an arc 
round the petiolar bundle or bundles. In 
the callus tissue these rings or arcs consti- 
tute stelar units, several of which may be 
formed (Fig. 37). Each such unit gra- 
dually becomes enclosed by its own cork 
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Frias. 31-36 — Boerhaavia diffusa. 


(de, degenerated cells; per, pericycle; X, xylem element.) 


Fig. 31. T.s. of a portion of treated petiole showing dividing parenchymatous cells (P) around the 


petiolar bundle (B). x 120. 


plasm of the cells of the unorganized: root apex (A). x 120. 


Fig. 32. T.s. of a portion of treated petiole showing denser cyto- 


Fig. 33. L.m.s. of an organized 


root apex showing root cap (c), dermatogen (D), periblem (p’), and plerome (Pl). x 120. Fig. 
34. T.s. of a portion of treated petiole showing differentiation of vascular tissue acropetally into 
the developing root primordium (R) and basipetally into the petiolar bundle (B) around the 


pericycle (per). x 120. 


Fig. 35. T.s. of a portion of treated petiole showing vascular connection 


of a root trace (V) with the petiolar bundle (B) through newly formed vascular tissue in the 


callus (Cl). x 16. 
root trace with the petiolar bundle. x 32. 


Fig. 36. Enlargement of a portion of Fig. 35 showing the connection of the 


we 


a 
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tissue derived from the phellogen which 
differentiates in it. The lateral stelar 
units associated with the lateral bundles 
of the petiole grow more vigorously than 
the central ones. 

Vascular bundles also differentiate in 
the inner derivatives of the phellogen 
(Fig. 39). Here also the new vascular 
elements are contiguous and continuous 
with the existing vascular tissue. In a 
few instances, in the callus tissue at the 
adaxial corners of the petiole, a cambium 
layer appeared in the phellogen paren- 
chyma and gave rise to vascular and con- 
junctive elements. In some specimens 
two such cambial rings with vascular 
elements and conjunctive tissue were seen 
(Fig. 41). This pattern of secondary 
growth, also found in the control leaves 
although to a lesser degree, is the usual 
type which is met with in the stem of this 
plant. 

As the callus gradually increases in 
volume the differentiation of new vascular 
elements in it takes place in a very ir- 
regular manner, the result being a confused 
mass of vascular tissue ( Fig. 42). 

SECONDARY GROWTH OF THE PETIOLE 
AND LAMINA — Except in the callus re- 
gion increase in petiolar girth is due to en- 
hanced activity of the fascicular cambium 
with increase in the amount of vascular 
tissue, and radial splitting of the petiolar 
bundles. 

The laminae of treated leaves planted 
in the soil are thicker than those of the 
control leaves, the midrib and lateral 
veins also becoming more prominent. 
Treated leaves show an enlargement of 
the mesophyll and palisade cells and an 
increase in midrib vascular tissue by the 
activity of the fascicular cambium and by 
the radial splitting of the bundles them- 
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selves. These anatomical developments 
were not seen in the controls. 


Discussion 


It has been demonstrated that B-indole- 
butyric acid activates the production of 
roots in detached leaves of those species 
where roots are also formed in the untreat- 
ed control leaves; but it could not induce 
roots in the detached leaves of certain 
species in which roots are not formed in 
the control leaves, viz. Aristolochia elegans, 
Bougainvillea spectabilis, Crossandra in- 
fundibuliformis, Pyrostegia venusta and 
Salvadora persica. Whether or not other 
substances can induce roots in these 
species remains to be seen. ß-Indole- 
butyric acid did not effect any new histo- 
logical developments but it enhanced those 
which were already present and could be . 
observed in the control leaves. 

Cut ends of the petioles which usually 
developed callus tissue in soil did not do 
so when the leaves were kept in tap water 
throughout the experiment. The possi- 
bility that the leaching out of the subs- 
tances into tap water precluded callus 
formation needs further investigation. 
Simon ( 1920 ) considered that such callus 
growth was due to the accumulation of 
nutrient substances. In this case this 
might also be due to the synthesis of more 
food by the rooted leaves during their 
growth in the soil. à 

It is to be noted that it is only in a very 
limited area near the cut face of the petiole 
that mature cells proliferate to produce 
callus tissue, the intact and uninjured 
parenchymatous cells of the petiole further 
away from the cut face remaining inactive, 
In this intact region mechanical and spa- 
tial relationships remain undisturbed. The 
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Fics. 37-42 — Boerhaavia diffusa. 


parenchyma; R, root; X, xylem; cr, cork cells.) F 
of a treated petiole showing newly formed stelar units (S). x 16. 


( CI, callus; de, degenerated cells; S, stelar unit; P, dividing 


Fig. 37. T.s. of callus formed at the cut end 
Fig. 38. T.s. of callus formed 


at the cut end of a treated petiole showing extent of proliferation of parenchymatous cells 


and newly formed vascular tissue (V). x 16. 


and vascular element (X). 


of new vascular tissue in a ring from the existing petiolar bundle (B). 


Fig. 39. T.s. of callus showing phellogen (ph), 


x 120. Fig. 40. T.s. of a portion of a treated petiole showing formation 


x 120. Fig. 41. T.s. portion 


of callus formed at the cut end of a treated petiole showing two concentric arcs of vascular and 


conjunctive tissue (V). 


treated petiole showing irregular mass of vascular tissue (V). 


x 32. Fig. 42. T.s. of a portion of callus formed at the cut end of a 
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auxin in the intact region activates the 
meristematic fascicular cambium of petio- 
lar bundles and a few parenchymatous 
cells around the latter to produce root pri- 
mordia. On the other hand, in the injured 
region where the original physical con- 
ditions and tissue correlation have been 
impaired the auxin stimulates the paren- 
chymatous cells around the bundles to 
divide to form the callus tissue. But the 
reverse is the case in Chenopodium album 
and Amaranthus gangeticus as reported by 
Samantarai & Kabi (1954a). Here mature 
parenchymatous cells of the intact region 
of the petiole become meristematic fol- 
lowed by tissue differentiation and organ 
formation and callus tissue is not produced 
at the cut ends of the petioles of these two 
species. These observations indicate that 
the response to auxin varies from species 
to species thus emphasizing the role of 
the genetic factor in tissue response. 

Contiguity and continuity of tissue 
differentiation previously found by 
Gautheret (1945) in tissue culture of 
carrot has also been observed in the 
differentiating vascular elements in the 
callus tissue. The cyclical development 
of vascular tissue around pre-existing 
vascular tissue as described by Gautheret 
(1945 ) in a proliferating tissue culture is 
also observable in Boerhaavia diffusa in 
the formation of stelar units and of the 
concentric rings of vascular and conjunc- 
tive tissue. Thus it is seen that the initial 
histological state exercises a profound 
effect on the pattern of differentiation 
during tissue proliferation. 

In the callus tissue developed from the 
adaxial corners of some of the petioles two 
concentric arcs of vascular and conjunctive 
tissue are formed. This type of secondary 
growth is seen both in the treated and un- 
treated petioles and resembles that of the 
stem where extra-fascicular cambium gives 
rise to concentric rings of vascular and 
conjunctive tissue. The stem type of 
secondary growth has been reported in the 
intact region of the treated detached 
petiole of Chenopodium album and Amar- 
anthus gangeticus (Samantarai & Kabi, 
1954a ) but in Boerhaavia diffusa the stem 
type of secondary growth takes place not 
in the intact region of the petiole but 
in the callus tissue. 
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Summary 


Of the 19 species studied, rooting oc- 
curred in the control and treated (ß-indole- 
butyric acid) detached leaves of 13 
species while in 5 species roots were formed 
neither in the control nor in the treated 
detached leaves. The findings indicate 
that the auxin activates the production of 
roots and enhances those _ histological 
features, viz. formation of callus tissue, 
differentiation of vascular tissue, etc., 
which have usually appeared in the control 
leaves. 

Root primordia originate from dediffer- 
entiated parenchymatous cells around 
petiolar bundles and not from the thick- 
walled pericyclic cells, which remain in- 
active throughout the experiment. Adax- 
ial corners of the petiole at its cut end 
show more meristematic activity and root 
formation than the middle region. 

Proliferation of the parenchymatous 
cells results in the formation of callus, the 
proliferation being confined to the cut end 
of the petiole. Proliferation of parenchy- 
matous ground tissue of the intact region 
of the petiole did not occur. 

The auxin stimulated the fascicular 
cambium of the petiolar bundles extending 
up to the midrib region of the lamina. 
Radial splitting of the existing bundles 
increased the number of bundles in the 
petiole and the midrib. Increase in thick- 
ness of the lamina occurs by enlargement 
of the cells. 

More than one pattern of vascular diff- 
erentiation occurred in the callus tissue but 
in every case vascular elements differen- 
tiated very close to the existing vascular 
bundles of the petiole. In one pattern the 
vascular tissue consists of several stelar 
units resembling the vascular pattern in 
the stems of Serjania and Thinouia. In 
the other pattern two concentric rings of 
vascular and conjunctive tissue are pro- 
duced by two concentric cambial rings 
which differentiate in the callus tissue. 
This is also the type of secondary growth 
in the normal stem of Boerhaavia diffusa. 

The authors are indebted to Professor 
P. Maheshwari for suggesting the problem 
and for his encouragement and express 
their deep gratitude to Professor C. W. 
Wardlaw for discussing the manuscript. 
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MARGINAL GROWTH OF LEAVES IN MONOCOTYLEDONS: 
HOSTA, MARANTA AND PHILODENDRON 


aR TR, PIRIANE 
Department of Biology, University of Southern California, Los Angeles, California, U.S.A. 


Introduction 


The process of marginal growth in 
the young leaves of monocotyledons has 
received little attention in the past, to 
judge from the literature, although there 
is now available considerable information 
concerning this aspect of leaf develop- 
ment in dicotyledons. The activity of the 
marginal meristem of the leaf of Zea as 
described by Mericle (1950) appears to 


be the only detailed account of marginal 
growth in a monocotyledon. Therefore, 
in conjunction with an investigation of 
other phases of leaf development in Hosta 
(Liliaceae) some attention was given 
to this aspect of growth ( Pray, 1955b ). 
The results differed so strikingly from 
those recorded by Mericle and indeed 
from known marginal growth activity 
of angiosperm leaves in general that 
two other broad-leaved monocotyledons, 
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Philodendron oxycardium Schott and 
Maranta bicolor Ker. have been similarly 
investigated for comparative purposes. 
The latter have served only to emphasize 
the distinctive nature of the marginal 
meristem of Hosta. 


Materials and Methods 


The present study was based upon an 
examination of both dormant and actively 
growing buds of Hosta caerulea ( see Pray, 
1955a ) and actively growing buds of green- 
house-grown material of Philodendron and 
Maranta. The buds were fixed in FPA, 
dehydrated by the ethyl tertiary butyl 
alcohol method, embedded in paraffın and 
sectioned at 6. All sections were stained 
as below with tannic acid — ferric chlo- 
ride — safranin, followed by a weak solu- 
tion of fast green to further differentiate 
the safranin. Drawings were made by 
camera lucida. 


Observations 


MARGINAL GROWTH IN Hosta — The 
outstanding feature of marginal growth 
in Hosta is that the surface layer at the 
margins of the leaf primordium is not 
strictly speaking a ‘‘ dermatogen ” but 
contributes cells to the ground tissue of the 
leaf. That the extent of this contribution 
may be considerable is shown by the quite 
frequent occurrence in this superficial 
layer of cell divisions which are not anti- 
clinal and from the early initiation of this 
phenomenon. Fig. 10 represents half of a 
transverse section of a leaf primordium 
150u high. It shows that protodermal 
periclines at this leaf margin have made at 
this early phase of development substan- 
tial contribution to the inner tissues of the 
leaf. Growth in lamina width is pre- 
dominant initially in the marginal and 
immediately submarginal region. Thus it 
is quite possible that the lateral portions 
of the leaf blade could be derived largely 
from surface cells. A very common cell 
configuration at the margin is depicted 
by Fig. 1. Here a marginal cell has di- 
vided periclinally to yield an inrfer deri- 
vative which could by further subdivi- 
sion, as in Fig. 4, contribute a significant 
part to the ground tissue of the leaf. Fig. 
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2 shows a division figure in a marginal 
initial. Such a division would yield an 
inner cell which could then function as a 
submarginal initial in a manner similar to 
that in Fig. 4. Similarly, periclinal divi- 
sion figures and cell-configuration resulting 
from such divisions can be found in the 
protoderm a few cells back from the 
margins (Fig. 6). The derivatives of the 
latter cells probably would not make as 
significant a contribution to the internal 
tissues as would those resulting from peri- 
clines of strictly marginal cells. Periclinal 
division of the protodermal cells somewhat 
distal to the margins are quite rare, only 
one instance being detected in the present 
material (Fig.8). The internal contribu- 
tion of such division would be only slight. 

In addition to adding to the surface 
layer of the leaf primordium and contri- 
buting to the ground tissue, the marginal 
meristem of: Hosta also produces a bise- 
riate marginal wing (Figs. 7, 9). The 
latter is initiated by an obliquely oriented 
division in the marginal cell (Fig. 5). 
The initial thus produced has two cutting 
faces ( Figs. 6, 8) which will build up thin 
marginal wings by an activity strikingly 
similar to that of the marginal cells of the 
lamina of leptosporangiate ferns ( Bower, 
1889). It must be remembered, of 
course, that actually there is alongitudinal 
series of such initials. Figs. 3, 7 and 9 
show the results of the activity of this 
type of marginal initial. Fig. 7 illustrates 
the fact that the marginal initial retains 
its capacity to divide for some time. 
Intercalary anticlinal divisions, however, 
may also add to the extent of the biseriate 
wings ( Fig. 3). The presence of biseriate 
marginal wings on a leaf primordium 270u, 
high (Fig. 9) would indicate that such 
activity is initiated at a relatively early 
phase of leaf growth. Both leaf blade and 
petiole possess marginal wings. 

In view of the rather irregular activity 
of the marginal initials, it is difficult to 
designate submarginal initials, or at least 
submarginal initials with extended activ- 
ity. Furthermore, these comparatively 
transitory initials lack any detectable 
regularity in their activity. The abaxial 
and adaxial derivatives of the submarginal 
cells may contribute by both periclinal 
and oblique divisions to increasing the 


I - 

arginal gro A u e up 
g. 9. Half of a t.s. of 1 ium of Hosta in ich five longitudinal str 
fferentiated. Two of the latter are included in the figure. x 500. Fig. 10. Half of a t.s. of 
leaf primordium of Hosta in which only a median procambial strand has appeared. x 500. 
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thickness of the young leaf. Fig. 9 shows 
the margin of a leaf which has differen- 
tiated five longitudinal procambial strands 
and illustrates this manner of increase in 
leaf thickness. In other instances the 
submarginal cells divide anticlinally, more 
irregular planes of cytokinesis appearing 
some distance back from the margins 
( Figs. 2, 5). The conclusion is inescap- 
able that marginal growth in the leaves of 
this species is highly variable and cannot 
be reduced satisfactorily to a diagramatic 
scheme. 

As demonstrated by the figures referred 
to in the above paragraph, subsequent 
divisions of the derivatives of the sub- 
marginal cells do not result, however, in 
the stratified condition of the embryonic 
lamina apparently characteristic of a wide 
variety of dicotyledons (Smith, 1934; 
Foster, 1936). At a later stage in deve- 
lopment the layering of cells does become 
very precise (see Pray, 1955b, Fig. 7). 
The latter condition is entirely the result 
of plate meristem activity in the panels 
between the primary veins. At the time 
of the initiation of the procambium of 
these veins, the intercostal interval may 
be only three or four cells wide. A well- 
defined outer procambial strand is shown 
in Fig. 9 (left); plate meristems derived 
by intercalary divisions of the cells be- 
tween this strand and its neighbour will be 


Fies. 11-15 — T.s. of the marginal meristem of the leaf primordia of Maranta. 
a submarginal cell which apparently has arisen as the result of a surface-cell periclinal division is 


indicated with an X. 
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responsible for the distinct layering of the 
older leaf primordium. 

MARGINAL GROWTH IN PHILODENDRON 
AND MARANTA — The superficial initials 
of the marginal meristems of the leaves of 
Maranta ( Figs. 11-15) and Philodendron 
( Figs. 16-20) rarely, if ever, contribute 
to the internal tissues of the leaf. 
many sections studied of both species only 
a single instance each was found of sub- 


surface cells in the marginal meristems | 


which could be considered as possibly 
derived by periclines of surface cells. The 
example noted in Maranta (Fig. 13) 
appears to represent with fair certainty 
an instance where a submarginal initial 
has had a superficial origin. 


then some internal tissue could be derived 
as in Hosta. 
marginal meristem above and below the 


one depicted failed to Show other examples — 


of irregular planes of cytokinesis of surface 
cells. Furthermore, no instances were en- 
countered in older leaves where portions 
of the internal tissues might have arisen 
from initials of superficial origin. In 
Philodendron the only possible illustration 


of this phenomenon (Fig. 18) remains : 


questionable to the writer although the 
submarginal cell here does appear to be 
the sister cell of that which produced the 
two surface cells exterior to it. In this 


In Fig. 13. 


In all other figures distinct submarginal initials are present. x 590. 


In the | 


If the section — 
in question has been interpreted properly, — 


Other sections of the same — 
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species also no other instances could be 
locat2d to substantiate this possibility. 

In contrast to Hosta then, the leaf pri- 
mordia of thesé genera do have distinct 
submarginal initials as are known for 
the angiosperms in general. As implied 
above, the surface cells of the margins, 
with possible rare exceptions, divide only 
anticlinally and therefore are responsible 
for the formation of the protoderm only. 
Longitudinal series of single submarginal 
initials are then the ultimate origin of the 
internal tissues of the lamina. Internal 
derivatives of the submarginal initials 
produced by cell divisions periclinal to the 
margin then divide anticlinally initiating 
adaxial and abaxial cell-lineages. From 
the latter ultimately three internal cell 
layers are produced. The origins of the 
internal layers in the two species are not 
the same, however, and will be described 
separately below. 
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In Philodendron the cells of the adaxial 
subsurface layer divide only anticlinally to 
the laminal surface throughout further 
stages of development and their deri- 
vatives remain as an entirely discrete layer. 
The cells of the abaxial subprotodermal 
layer ultimately yield inner derivatives 
which then perpetuate themselves by pre- 
cise anticlinal divisions as the middle layer 
of the embryonic lamina which then con- 
sists in this species of five distinct layers. 
The only irregularities occur at the sites of 
procambial differentiation; such differen- 
tiation appears here to involve very con- 
sistently only derivatives of the middle 
cell layer. The procambial strands then 


have an abaxial origin, as they commonly 
do in described dicotyledons ( Gifford, 
19512): 

In distinct contrast, in Maranta the 
adaxial subsurface layer yields the middle 
layer of the embryonic lamina. 


As above, 


i i i dia of Philodendron. All 
. 16-20 —- T.s. of the marginal meristems of the leaf primor | ; 
ae display discrete submarginal initials with the possible exception of Fig. 18 in which the 
cell indicated by an X may have had a superficial origin. X 590. 
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the procambium has its origin by irre- 
gularly oriented divisions of the middle 
layer. Fig. 15 provides an exception to 
this generalization. Here the layering 
is less consistent, apparently due to peri- 
clines in the abaxial subprotodermal layer. 
Whether in this instance the inner deri- 
vatives contribute to procambial strands 
or become part of the ground tissue is not 
evident. 

In both Maranta and Philodendron 
biseriate marginal wings are produced by 
the same process as described above for 
Hosta. 


Discussion 


In view of the known occurrence of 
periclinal divisions in the surface layer of 
the shoot apices of some monocotyledons, 
it might be assumed that a correlation 
exists between that type of apical meristem 
organization and the type of marginal 
growth in which the protoderm contributes 
inner derivatives, as described for Hosta. 
Unfortunately insufficient detail on the 
shoot apex of Hosta is available at present 
to substantiate such a correlation, al- 
though one is suggested ( Thielke, 1948 ). 
In Zea, apparently the only monocoty- 
ledon which has been studied in detail 
with respect to both the shoot apex and 
marginal growth of the leaf, no such cor- 
relation seemingly exists. Although irre- 
gularities do exist in the surface tunica 
layer of the shoot apex of Zea, both at the 
summit and at points of leaf origin 
( Sharman, 1942 ), Mericle ( 1950 ) has de- 
scribed the activity of the marginal meris- 
tems as essentially similar to that of most 
dicotyledons. Similar marginal meristems 
have been described above for Maranta 
and Philodendron. According to Mericle, 
there are discrete marginal and submar- 
ginal initials and the middle procambium- 
producing layer is derived from the adaxial 
derivatives of the submarginal initials in 
a manner very similar to that recorded for 
Drimys (Gifford, 1951). In Agropyron 
(Sharman, 1945) periclinal divisions occur 
in the surface of the shoot apex relative to 
formation of leaf primordia and similar 
periclines in the protoderm at the margins 
of the young primordium form internal 
tissues of the wings of lamina and sheath. 
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Periclinal divisions of the surface tunica 
layer have been described for a number 
of other grasses ( Thielke, 1951) and in 
Chlorogalum (Sterling, 1944); Pottier 
(1934) figures such divisions in Ruppia 
and Cymodocea. In the surface layer at 
the margins of the young leaf of Ruppia, 
Pottier noted that there were infrequent 
periclines. 

On the other hand, studies on the mar- 
ginal growth of the leaves of variegated 
plants, both monocotyledons and dicoty- 
ledons, have provided a number of exam- 
ples of marginal growth in which the pro- 
toderm of the leaf primordium contributes 
to the inner tissues of the developing leaf 
(Renner, 1936; Renner & Voss, 1941; 
Thielke, 1948). It is not evident from 
these investigations whether variegated 
and nonvariegated forms of the same 
species differ markedly with respect to 
marginal meristem ' activity. Thielke 
( 1948 ) does state that in variegated forms 
of Dracaena periclines in the leaf proto- 
derm are more abundant than in the non- 
variegated form. The present investi- 
gation of Hosta demonstrates that this 
type of marginal growth is not necessarily 
related to variegated leaf development. 
Furthermore, there is evidence that in the 
development of the bud scales of at least 
some dicotyledons the protoderm of the 
primordium is not a distinct histogen but 
through periclinal divisions yields inner 
derivatives ( Foster, 1937; Cross, 1936). 
The latter is also true of the bud scales of 
Pinus (Sacher, 1955); in this gymno- 
sperm, however, periclines do not occur in 
the marginal initials but only in their 
derivatives. 


Summary 


Marginal growth in the leaf of Hosta is 
distinctive in that there are no distinct 
submarginal initials. Periclinal divisions 
of the marginal cells are frequent with the 
result that much of the internal tissue 
of the lamina may be derivable ultimately 
from surface cells. The activity of the 
indistinct and transitory submarginal ini- 
tials is extremely variable. In contrast 
the marginal meristems of the young 
leaves of Maranta and Philodendron are 
very similar to those recorded for angio- 
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‘sperms in general with distinct marginal 
and submarginal initials giving rise to the 
various tissues of the leaf in a fairly precise 
manner. The possible significance of the 
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pattern of marginal growth in Hosta is 
discussed with reference to the meagre 
literature concerning this aspect of deve- 
lopment in monocotyledons. 
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EFFECT OF SOME GROWTH SUBSTANCES ON FRUIT 
DEVELOPMENT 


R. N. CHOPRA & R. C. SACHAR 
Department of Botany, University of Delhi, Delhi, India 


Production of seedless fruits has been of 
special interest not only to the horti- 
culturist, but also to the plant physio- 
logist. While the former is concerned 
chiefly with the commercial value of such 
fruits, the latter is keen to know the under- 
lying mechanism of fruit development. 

Normally, fruit formation is linked with 
the process of fertilization and the result- 


ing growth of ovules into seeds. From 
this it may be inferred that fertilization is 
not only essential for the development 
of embryo and endosperm but also has a 
significant role to play in the formation of 
fruit. This, however, is not true, since in 
some cases mere pollination is sufficient 
for fruit development. Further, certain var- 
ieties of figs, grapes, oranges, cucumbers, 
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pineapples, mulberries, papayas and ban- 
anas are known to produce fruits even 
without pollination (Audus, 1953 ). 

While the ovary wall surrounds and pro- 
tects the developing seeds, the latter also 
exert a profound influence on the normal 
development of the fruit (Nitsch, 1952). 
It has been shown that the influence of 
both pollen and the developing seeds on 
the ovary wall is of a chemical nature and 
that ovaries showing natural partheno- 
carpy have greater initial auxin content 
than those of the corresponding varieties 
which produce seeded fruits. 

Although growth substances have been 
successfully employed for the artificial in- 
duction of parthenocarpy ( see Gustafson, 
1942; Vazart, 1955; Leopold, 1955), the 
possibility of their stimulating the un- 
fertilized egg to divide has not been ex- 
ploited. In an effort to get haploids, 
agents like temperature, foreign pollen, 
and X-rayed pollen have been tried. The 
amount of success is, however, so meagre 
that many workers doubt the existence of 
any significant relationship between the 
treatment and the result obtained 
( Maheshwari, 1950). 

Another aspect which needs attention 
is the control of adventive embryony. 
Such embryos are not the direct con- 
sequence of any nuclear fusion, but are 
produced from the maternal tissues by 
some chemical stimulus. It is yet to be 
seen how far the external application of 
growth substances can substitute pollina- 
tion and fertilization in inducing the 
formation of adventive embryos and 
whether these could be produced in plants 
which do not normally possess them. 
Such embryos are of immense value to the 
horticulturist, since they arise from soma- 
tic cells which have a similar genetical con- 
stitution as the parent plant. 

The present investigation deals with the 
effect of some growth substances on the 
ovary and ovules in the absence of polli- 
nation. 


Materials and Methods 


Experiments were conducted on six 
members of Cucurbitaceae (Luffa acut- 
angula, Coccinia indica, Trichosanthes 
anguina, Momordica charantia, Lagenaria 
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vulgaris and Cucumis sativus), two of 
Solanaceae ( Nicotiana rustica and Datura 
fastuosa), one of Caricaceae (Carica 
papaya ), three of Papaveraceae ( Papaver 
rhoeas, P. somniferum and Argemone 
mexicana), and one of Cactaceae 
(Opuntia dillenii )!. 

The flower buds were emasculated and 
bagged before the dehiscence of the 
anthers, at the same time some flowers 


were allowed to be pollinated and develop | 


in the usual way. In plants having uni- 
sexual flowers (e.g. cucurbits, Carica ) 
the female flowers were bagged a day or 
two before anthesis. The ovaries were 
thus protected from pollen and treated 
with various synthetic growth substances 
like IAA, IBA, IPA, and NAA. Of these, 
IBA and NAA were selected for further 
experimentation since these gave better 
results. 

The unpollinated ovaries kept as con- 
trols were injected with distilled water or 
plain lanolin was applied on the stigma. 

The growth substances were applied 
either in lanolin or an aqueous solution 
was injected in the ovary. Only lanolin 
pastes were applied to the cucurbit 
ovaries as they are solid and thus un- 
suitable for injections. The paste was 
prepared as follows: the hormone was dis- 
solved in a small quantity of absolute 
alcohol and then mixed in lukewarm lanolin 
with constant stirring. The concentra- 
tion of hormones ranged from 0-05 to 2-0 
per cent. The paste was applied either 
to the stigmatic surface or to the cut end 
of style. As a precautionary measure, 
the ovaries were bagged again after the 
operation. For aqueous solutions, since 
hormones are insoluble in water, a few 
drops of dilute liquor ammcenia ( NH,OH ) 
were added in order to prepare soluble am- 
monium salts. Later, different grades of 
solutions were prepared (0-0001, 0-001, 
0-01, 0-1, 0-2 per cent) on volume basis 
and stored in a frigidiare. Two holes were 
made in the ovary wall; through the one 
near the base the solution was slowly 
injected by means of a 2-0 cc hypodermic 


1. Most of the plants were available to us in 
the University Botanical Gardens. Dr B. M. 
Johri very kindly permitted us to perform some 
experiments on the Carica plants growing at his 
residence. 
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syringe. The hole at the top facilitated 
escape of air. In Nicotiana and Datura 
injections were made in each of the four 
locules. 


Observations 


CUCURBITACEAE — Of the various mem- 
bers of this family, Luffa acutangula 
produced parthenocarpic fruits which 
matched well or even excelled the seeded 
fruits in size ( Figs. 1,2). The optimum 
range of hormone concentration was 0-5 
to 1-0 per cent. Of the ovaries treated 
with IBA, 43 per cent showed partheno- 
carpic growth, whereas with NAA fruit 
setting was 63 per cent. Above 1-0 per 
cent the growth of treated ovaries was 
retarded and below 0-5 per cent the 
stimulus seemed to be inadequate. Ina 
few parthenocarpic fruits some of the 
ovules developed into normal-sized seeds, 
although devoid of any embryo or endo- 
sperm. There was no tendency towards 
natural parthenocarpy, as the 20 ovaries 
kept as controls became yellowish and 
finally got abscissed. 

Sereisky (1939) produced partheno- 
carpic fruits in Luffa cylindrica by apply- 
ing 1:0 per cent IAA in lanolin. These 
were nearly as large as the seeded ones, 
but were more slender. He too observed 
that in some of the parthenocarpic fruits 
the seed coats developed considerably, but 
at no time were there any embryos. 

Coccinia indica was treated only with 
NAA. A 0-5 per cent paste produced par- 
thenocarpic fruits of about one-third the 
size of natural ones (Figs. 3, 4). At 
higher concentrations ( 1-0 per cent) only 
10 out of 34 ovaries made some initial 
growth, but all died within 8 days. With 
2-0 per cent, only one ovary out of 13 
showed a slight swelling. Ten ovaries, 
kept as controls, abscissed ATOME ATOS 
days. The total number of ovaries treated 
was 67 of which only 20 developed into 
small parthenocarpic fruits. 

In Trichosanthes anguina, application of 
growth substances produced only small 
fruits. The most suitable concentration 
of both the hormones (IBA, NAA) was 
0-5 per cent and with NAA we obtained 
66 per cent fruit set. For some time both 
pollinated and treated ovaries grew at the 


same rate ( Figs. 5, 6) but eventually only 
the former grew further, so that their final 
size was much bigger. The eight ovaries 
kept as controls did not grow. 

Nearly 26 per cent parthenocarpic fruits 
were produced in Momordica charantia 
but none of them could mature owing 
to an insect attack. Although a few 
compared well with the natural fruits 
( Fig. 7c, d), in general they were smaller. 
Unlike other cucurbits, Momordica ovaries 
showed some tendency towards natural 
parthenocarpy ( Fig. 7a, b). Fifteen con- 
trols were kept of which 12 remained 
healthy for about 8 to 10 days but later 
collapsed and only three showed appreci- 
able growth. Of 31 naturally pollinated 
ovaries the majority were attacked by 
insects and only 6 matured. 

In Lagenaria vulgaris 53 ovaries were 
treated, out of which 21 grew into fruits. 
With 0-5 per cent NAA the ovaries at- 
tained double the length than at anthesis 
but thereafter they ceased to grow ( most 
probably owing to insect attack). Higher 
dosages of NAA (0-8 and 1-0 per cent) 
produced fruits which attained a size com- 
parable to that of naturally developing 
fruits. In parthenocarpic fruits the peri- 
carp was thicker. The 20 unpollinated 
controls did not show any growth. The 
percentage of fruit set from naturally 
pollinated ovaries was also quite low; out 
of the 26 ovaries kept under observation 
only 5 grew, while the remaining shri- 
velled and became brown. 

Of the 10 treated ovaries of Cucumis 
sativus, three developed into partheno- 
carpic fruits. These were, however, 
smaller than the naturally pollinated ones 
and rather asymmetrical. The pericarp 
of these fruits was comparatively thicker 
and possessed a very well developed 
vascular system. Certain varieties of 
cucumbers are naturally parthenocarpic 
(see Gustafson, 1942), but ours did not 
seem to be so as none of the controls 
servived. 

SOLANACEAE — Hartley ( 1902) obtain- 
ed parthenocarpic fruits in Nicotiana taba- 
cum var. cuban when the pistil was 
treated with corn flour, air-slaked lime, 
magnesium sulphate or pollen of Azalea. 
Later, Tollenaar & Middleburg ( 1930) 
reported that while parthenogenesis occurs 
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rarely in this species, parthenocarpy is empty seeds were produced in large 


Yasuda ( 1934) obtained con- 
siderable growth in tobacco by injecting 
an extract of Petwnia pollen and potassium 
indole acetate into the ovary. Gustafson 


fairly common. Goodspeed (1915) found numbers. 
that out of 800 flowers subjected to castra- 
tions and mutilations nearly 100 matured 
into fruits. In the majority of these fruits, 


On rt 


Fics. 5-8 — Figs. 5, 6. Trichosanthes anguina. Fig. 5a. Eleven-day old parthenocarpic fruit, 
produced by the application of 2:0 per cent NAA in lanolin. Fig. Sb. Natural fruit, same age. 
Fig. 6a, b. Transections of fruits shown in Fig. 5a, b respectively. Fig. 7. Momordica chavantia. 
Fig. 7a. Open flower at the time of treatment. Fig. 7b. Ovary kept as control, 10-day old. Fig. 
7c. Five-day old natural fruit. Fig. 7d. Parthenocarpic fruit produced by the application of 0-05 
per cent NAA in lanolin, 10-day old. Fig. 8. Datura fastuosa. Hig: 8a. T hirteen-day old natural 
fruit. Fig. 8b. Eleven-day old parthenocarpic fruit obtained by injecting 0-1 per cent aqueous 
solution of IBA. 
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(1938) also obtained fruits of nearly 
normal size, but observed that lanolin 
pastes were less effective than injections. 

In the present study on Nicotiana rus- 
tica both hormone pastes and injections 
were tried and proved to be equally effec- 
tive. Of the 66 ovaries treated with IBA 
45 developed; with NAA 15 out of 30 
showed growth. The parthenocarpic fruits 
were smaller in size. In some of them 
seeds had also developed, but they were 
devoid of embryos. Unlike N. tabacum 
(Hartley, 1902; Goodspeed, 1915), natural 
parthenocarpy does not occur in N. rustica, 
as is clear from the abortion of all the 30 
ovaries kept as controls. 

For Datura fastuosa the concentrations 
of NAA and IBA were 0-5 per cent in 
lanolin and 0-1 per cent in aqueous in- 
jections. Nearly 77 per cent of the treated 
ovaries developed into fruits which were 
of more or less the same size as the natural 
ones ( Fig. 8). Small seeds had also de- 
veloped inside the parthenocarpic fruits 
but showed no embryo or endosperm. On 
the contrary the embryo sac cavity was 
packed with homogenous masses of com- 
pact cells originating from the endo- 
thelium. These cells showed prominent 
nuclei and took a dense stain. The con- 
trol ovaries shrivelled 7m situ. Earlier, 
van Overbeek ef al. (1941) injected a 
number of chemicals in the ovaries of 
Datura and Melandrium and obtained 
parthenocarpic fruits. In Datura stra- 
monium a treatment with 0-1 per cent NAA 
and IBA produced a proliferated multi- 
cellular structure originating from the 
endothelium. Since this tissue did not 
differentiate into a normal embryo, the 
authors designated it as a “ pseudo- 
embryo”. Later, Blakeslee (1949) re- 
garded such “‘ pseudoembryos ” as only 
ovular tumors. Satina ef al. (1950) have 
shown that in compatible crosses the 
endothelium serves a nutritive function 
and ultimately disorganizes. In incom- 
patible crosses, on the other hand, it pro- 
liferates to form a tumor which grows in- 
wards and enters the embryo sac. This 
absorbs the endosperm tissue and in most 
cases, the embryonal cells as well. 
According to Rappaport et al. ( 1950) 
these ovular tumors, associated with em- 
bryo abortion in incompatible crosses of 
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Datura, contain a water soluble thermo- 
stable substance. This is unrelated to 
auxin and is capable of inhibiting em- 
bryos in vitro and in vivo. 

CARICACEAE — In Carica papaya IBA 
proved more effective than NAA. All 
the six ovaries treated with IBA produced 
parthenocarpic fruits. Fourteen ovaries 
were treated with a lanolin paste of NAA 
but only six developed. Injections of 
NAA were given to ten ovaries, only one 
of which showed appreciable growth with 
a 0-25 per cent solution. The partheno- 
carpic fruits, especially those produced 
by IBA, were equal in size to the naturally 
growing fruits and in some cases seeds 
had also been formed, but these were 
empty. 

Some other species of Carica (C. chry- 
sopetala, C. pentagona ) are known to be 
parthenocarpic (Heilborn, 1922). Higgins 
& Holt (1914) have reported natural 
parthenocarpy in certain varieties of C. 
papaya as well, but this is not common. 
Our plants of Carica papaya did not show 
any tendency towards natural partheno- 
carpy. 

PAPAVERACEAE — Papaver somniferum 
showed a 100 per cent fruit set with IBA 
treatment. Although there was some 
variation in fruit size, they matched very 
well with the seeded ones, and were some- 
times even larger ( Figs. 9, 10). Of the 
eight ovaries kept as controls, five de- 
veloped into parthenocarpic fruits ( Fig. 
lla), but these were distinctly smaller 
than either the seeded ( Fig. 11b) or the 
treated fruits ( Fig. 11c ). 

In P. rhoeas eight ovaries were injected 
a solution of 0-1 per cent IBA, all of which 
developed into small fruits. Another lot 
of six treated with 0-5 per cent IBA in 
lanolin produced parthenocarpic fruits 
which were of almost the same size as 
the seeded ones ( Fig. 12). In this spe- 
cies the control ovaries did not show 
much tendency towards natural partheno- 
carpy. 

The parthenocarpic fruits of both these 
species showed a concommitant growth of 
some of the ovules (Fig. 10b), but as 
expected these were empty and became 
crumpled as the fruits matured. 

Wolfert (1920) was able to produce 
parthenocarpic fruits by bagging castrated 


Fies. 9-12 — Figs. 9, 10, 11. Papaver somniferum. 
Fig. 9b. Parthenocarpic fruit of the same age, produced by applying 0-5 per cent IBA in lanolin. 


Fig. 10a, b. Transections of capsules shown in Fig. 9a, b. 
Fruit obtained 


parthenocarpy (38-day old). Fig. 11b. 


Fig. 9a. Natural fruit, eighteen-day old. 


Fig. 11a. Control ovary showing natural 
after normal pollination, same age. 


Fig. 11c. Parthenocarpic fruit, same age, obtained by injecting 0-1 per cent IBA in aqueous 


solution. Fig. 12. Papaver rhoeas. 


Fig. 12a. Naturally pollinated fruit, 54-day old. 


Fig. 12b. Par- 


thenocarpic fruit, same age, produced by 0:5 per cent IBA in lanolin, 


flower buds of Papaver rhoeas. These were 
only one-third the normal size of the 
seeded capsules. 

In Argemone mexicana a number of pre- 
liminary trials revealed that even in the 
absence of pollination and fertilization 
the ovary develops into a small partheno- 
carpic fruit. Subsequently, experiments 
were performed to compare natural and 
induced parthenocarpy. In some ovaries 
the stigmatic surface was painted with a 
thick gum paste which soon formed a hard 


film, while in others the stigma was 
severed and the cut surface coated. This 
process effectively checked the germina- 
tion of pollen grains on the stigma or the 
cut end of style. An aqueous solution 
of NAA (0-1 per cent) was injected in 
some of these ovaries, while another set 
was left as control. 

Of the 34 treated ovaries, 18 developed 
and the rest aborted. However, even the 
latter remained attached for some time. 
Out of the 28 ovaries kept as controls, 
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20 developed into parthenocarpic fruits. 
It has been observed that the partheno- 
carpic fruits were smaller than the seeded 
ones, and among the former the naturally 
parthenocarpic fruits were smaller than 
those induced artificially. In some of 
these, the ovules also showed an increase 
in size, which was primarily due to the 
exceptional enlargement of the epidermal 
cells of the outer integument. The em- 
bryo sac was not stimulated but gradually 
disorganized, the antipodals were the last 
to do so. 

CACTACEAE — As already reported 
(Maheshwari & Chopra, 1955) Opuntia 
dillentt exhibits nucellar polyembryony 
without an accompanying growth of 
the zygotic embryo. Experiments were 
undertaken to see whether hormone ap- 
plication can initiate and promote the 
formation of adventive embryos without 
the stimulus of pollination and fertiliza- 
tion as reported by Fagerlind ( 1946) in 
Hosta?. 

Thirty-five unpollinated ovaries were 
injected with an aqueous solution of NAA 
in concentrations ranging from 0-0001 to 
0-01 per cent. All of them grew into par- 
thenocarpic fruits. In such fruits the 
perianth persisted as a dried cap ( Fig. 
13a), while in the seeded fruits it soon fell 
off. The size attained by the partheno- 
carpic fruits is almost equal to that of 
natural fruits, the only morphological dif- 
ference being that these were not so plump 
( Figs. 13a, b; 14a, b). The ovaries kept 
as controls did not show any growth but 
shrivelled (Fig. 13c). The ovules re- 
mained healthy for a week or so but later 
gradually dried up. An examination of 
the embryo sacs of such ovules, prior to 
their abortion, showed neither the initia- 
tion of nucellar embryos nor endosperm 
formation. 

Fifty-three ovaries were injected with 
an aqueous solution of IBA in concentra- 
tions varying from 0-0001 to 0-1 per cent. 
The general appearance of the partheno- 


2. We have also tried the application of growth 
substances (IAA, IBA, NAA), in lanolin as well 
as aqueous sprays, on the unpollinated ovaries of 
four species of Citrus and young fruits of a mono- 
embryonic variety of Mangifera indica growing 
at I.A.R.I., New Delhi. But this did not induce 
any adventive embryos to develop. 
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carpic fruits and the fate of the ovules 
resembled that with NAA, but the fruits 
were considerably larger than the natural 
fruits (Figs. 15a, b; 16), and they also 
matured earlier. Thirty ovaries kept as 
controls shrivelled ( Fig. 15c) and dropped 
away after 9-15 days. 


Summary and Conclusions 


In recent years Nitsch (1952), Vazart 
(1955), Leopold (1955) and Luckwill 
(1957) have summed up our existing 
knowledge regarding the hormonal basis 
of fruit development. Although the entire 
mechanism is not fully understood, it is 
now certain that auxins in general are 
responsible for the development of fruit. 
The ovary, it seems, requires hormonal 
stimulus at various stages of its develop- 
ment. At anthesis, it has a low auxin 
content, and this deficiency is made up by 
the act of pollination. At one time it was 
believed that pollen is able to secrete suffi- 
cient quantity of auxin so as to bring about 
fruit development. Later, Muir (1947) 
showed that pollen provides only a meagre 
quantity of auxin and this does not ex- 
plain the large accumulation of auxin in 
the ovary wall. It has now been dis- 
covered that following the process of ferti- 
lization marked changes occur within the 
ovules, which lead to the active synthesis 
of auxins by the young endosperm tissue 
( Luckwill, 1948). Thus, seeds provide 
the next necessary auxin supply for fur- 
ther growth of the fruit wall. In fact, it 
has been shown that in several plants like 
grapes, tomatoes, apples and pears, the 
size of the fruit largely depends upon the 
number of seeds which attain maturity. 
Many a time asymmetrical fruits may be 
produced by the abortion of the ovules on 
one side of the ovary ( see Nitsch, 1952). 

Production of seedless fruits by the ap- 
plication of auxins to unpollinated ovaries 
has been attempted in the past. Gustaf- 
son (1936) was the first to have con- 
siderable success in producing partheno- 
carpic fruits. It has been realized, how- 
ever, that “ outside the Solanaceae and 
Cucurbitaceae, the stimulation of par- 
thenocarpy by means of auxin appli- 
cations is a comparatively rare pheno- 
menon, and all the evidence points to the | 


Fıcs. 13-16. —Opuntia dillenti. Fig. 13a. Twenty-seven-day old parthenocarpic fruit produced 


by injecting 0-01 per cent aqueous solution of NAA. Fig. 13b. Naturally pollinated fruit, same 
ıge. Fig. 13c. Ovary kept as control. Fig. 14a, b. Tran- and longisections of the parthenocarpic 
und seeded fruits shown in Fig. 13a, b. respectively. Fig. 15a. Twenty-day old parthenocarpic 
ruit produced by injecting 0-1 per cent IBA in aqueous solution. Fig. 15b. Normal seeded fruit, 
ame age. Fig. 15c. Shrivelled ovary used as control. Fig. 16a, b. Transections of parthenocarpic 
ind natural fruits shown in Fig. 15a, b respectively, more highly magnified. 
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fact that, if the auxins are concerned in 
this early phase of fruit growth, they must 
act synergistically with some other type of 
hormonal factors at present unknown ” 
( Luckwill, 1957 ). 

Although Cucurbitaceae and Solanaceae 
are considered as very favourite materials 
for obtaining parthenocarpic fruits, it may 
be pointed out that even in these families 
the success attained is quite variable. 
Dealing first with Cucurbitaceae: out of 
the six members studied by us, only 
Momordica showed some tendency to- 
wards natural parthenocarpy. However, 
such fruits were much smaller than the 
seeded ones. The application of lanolin 
pastes of hormone to the unpollinated 
ovaries gave diverse results. In Coccinia, 
Trichosanthes and Cucumis these fruits 
were slow growing and their final size was 
fairly small. In Momordica the size some- 
times approached that of the seeded fruits. 
Only in Luffa we obtained normal-sized 
fruits. Further, not all the ovaries re- 
ceiving hormone treatment gave a positive 
response, and that the percentage of fruit 
set also varied in different genera. 

Among solanaceous plants, Datura pro- 
duced parthenocarpic fruits which were 
nearly equal to the natural ones. In 
Nicotiana the fruits produced artificially 
were smaller than the natural fruits. 

Besides the Cucurbitaceae and Solana- 
ceae, work has been done on three more 
families, namely Papaveraceae, Caricaceae 
and Cactaceae. Among the members of 
the Papaveraceae (Papaver species and 
Argemone ) even the ovaries kept as con- 
trols produced small parthenocarpic fruits. 
With the application of hormones the 
size of the fruits in Papaver increased 
and matched that of the natural seeded 
fruits; in Argemone the treatment was not 
so efficacious. Carica papaya showed 
no tendency towards natural partheno- 
carpy, but hormone application stimulated 
the ovaries to grow and attain a normal 
size. 

In Opuntia dillenii the ovaries kept as 
controls shrivelled but remained attached 
for a number of days, indicating that even 
in the absence of abscission in this plant 
there is no tendency towards natural par- 
thenocarpy. The treated ovaries some- 
times excelled even the seeded fruits, not 
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only in size but also in the time taken for 
maturation. This suggests that the syn- 
thetic hormone is in some manner superior 
to the native auxin, or perhaps, it is only a 
question of providing the optimal level of 
hormone which may not be available under 
natural conditions. It would be worth- 
while to try other members of the Cacta- 
ceae and to see if they also give a similar 
response. 

Apart from the stimulation of the ovary 
wall, small seeds were also formed inside 
the parthenocarpic fruits in Carica, Papa- 
ver, Nicotiana and Datura, Occasionally 
the fruits of Lagenaria and Luffa also 
contained a few seeds. In others, like 
Argemone and Opuntia, the ovules grew 
only during the early stages of fruit de- 
velopment but shrivelled subsequently. 
Microscopic examination of such seeds 
revealed that while hormones undoubtedly 
stimulated the seed coat to grow, there was 
no development of either the embryo ( par- 
thenogenetic or adventive ) or the endo- 
sperm. An interesting behaviour of the 
endothelium (integumentary tapetum ) 
was observed in Datura fastuosa, where it 
proliferated to form a mass of richly cyto- 
plasmic cells which almost filled the em- 
bryo sac. Such a tissue was observed 
earlier by van Overbeek et al. ( 1941) in 
Datura stramonium and designated as a 
“ pseudoembryo ”. The potentialities of 
this undifferentiated mass of cells could 
perhaps be studied by culturing it on an 
artificial medium with kinetin ( see Skoog 
& “Miller,” 19579 

The use of IAA in the present investi- 
gation did not give encouraging results. 
On the other hand, IBA and NAA were 
definitely better. A poor response to 
IAA, so far as fruit formation is con- 
cerned, has also been noticed by other 
workers (see Luckwill, 1948). This is 
one of the reasons why some physiologists 
now strongly feel that IAA need not be a 
universal growth factor operating in the 
fruit physiology of higher plants ( Nitsch, 
1952). Recently, the gibberellins have 
been successfully employed for purposes of 
fruit setting in tomatoes ( Sell, Wittwer & 
Rebstock, 1953; Wittwer & Bukovac, 
1957; Stowe & Yamaki, 1957; Wittwer, 
Bukovac, Sell & Weller, 1957). For the 


induction of parthenocarpy the response : 
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to gibberellins has been found to be similar 
to that of indole-3-acetic acid and effective 
concentrations extended below those re- 
ported for any indole compound. Fur- 
ther, gibberellin is found to be some 500 
times more effective than IAA in inducing 
parthenocarpy in tomatoes. 


We are indebted to Professor P. Mahesh- 
wari for his encouragement and keen 
interest in the work. Thanks are also due 
to the Indian Council of Agricultural Re- 
search, New Delhi, for a grant in connec- 
tion with a research scheme on the ‘Chem- 
ical Stimulation of the Ovary and Ovule’. 
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THE EARLY STAGES OF DEVELOPMENT IN 
FOUR SPECIES OF COMPSOPOGON MONT. 


V. KRISHNAMURTHY 
Cryptogamic Botany Department, The University, Manchester, England* 


In an earlier paper, the writer reported 
(Krishnamurthy, 1953) that the early de- 
velopment of a species of Compsopogon 
from Madras showed that it was hetero- 
trichous. The species in question was left 
unnamed at that time, but is here re- 
ferred to as Compsopogon iyengarii spec. 
nov. A diagnosis and a short discussion 
of this species is given at the end of this 
paper. 

Subsequently, Jones (1955) reported 
that the germlings of aCompsopogon found 
growing in an aquarium had a short creep- 
ing filament from which an erect filament 
grew out, thereby confirming the earlier 
observations of the writer. 

During the months of January and 
February, 1955, the writer collected 
material of Compsopogon hookert Mont.! 
from a pond in Madras and kept it growing 
for several weeks in filtered pond water. 
In this culture, a number of germlings ap- 
peared and it was possible to follow their 
development. Recently, the writer was 
able to examine some slides of Schmitz 
preserved in the Natural History Museum 
at London, and came across several germ- 
lings on two slides, one of C. hookeri and 
the other of C. corinaldii (Menegh.) Kütz. 

An examination of type material of C. 
chalybeus Kütz. from Montagne’s herba- 
rium and a specimen of C. corinaldii, both 
obtained from the Cryptogamic Herba- 
rium of the Museum National d’Histoire 
Naturelle, Paris, showed the presence of a 
number of germlings. In this paper, an 
account is given of these germlings and 
they are compared with those of C. 


1. C. hookeri Mont. is the correct name for 
€. lividus ( Hooker ) De Toni, as the latter name 
was based on Enteromorpha livida Hooker, a 
name not effectively published. 


ivengarii. It will be appreciated that 
observations on C. chalybeus and C. cori- 
naldii were necessarily limited to very 
small amounts of materials, collected from. 
single localities. It has, therefore, been 
impossible to assess the extent to which 
the morphological features used in this. 
comparative study vary with environment. 
In view of the precision with which the 
development of the individual plant pro- 
ceeds, such variations as may be asso- 
ciated with different environmental con- 
ditions may be indicated as an interesting 
subject for further study. 

In C. hookeri, the spore liberated in 
culture is spherical and measures 15-18. 
across (Fig. 1). This, on coming into 
contact with the substratum becomes. 
somewhat flattened at the surface of 
contact ( Fig. 2) and then divides to form 
a short creeping filament of three to four 
cells (Figs. 3, 4, 13). Then one or two of 
these cells give rise to short one-celled. 
lateral branches ( Fig. 5). Subsequently, 
a cellin a median position elongates verti- 
cally and forms the initial cell of an 
erect filament (Fig. 6). It divides to 
form a dome-shaped apical cell ( Fig. 7 ) 
which then gives rise to discoid segments. 
( Figs. 8,14). In later stages, the growth 
is by the division, largely, of these seg- 
ments. So far, the development proceeds. 
in the manner reported earlier for C. 
iyengarii ( Krishnamurthy, 1953). But 
unlike the latter species, in C. hookeri,. 
only one erect filament is produced from 
the prostrate portion, which remains small. 
From the basal cells of the erect filament,. 
rhizoidal outgrowths arise and these soon 
completely cover the prostrate filaments. 

Schmitz’s slide of C. hookeri showed 
three germlings in a fairly advanced stage 
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of development. The youngest of them 
had an erect filament of six cells, while the 
oldest had one of twenty-one cells. Be- 
sides these, there was also an older thallus 
showing a basal portion covered with 
rhizoidal outgrowths. 

Several germlings of C. cornaldii were 
seen in Schmitz’s slide of this species and 
also on a herbarium specimen obtained 
from Paris Museum. The youngest speci- 
men observed was in the herbarium speci- 
men, showing an erect filament of two cells 
only ( Fig. 10), while the oldest had an 
erect filament of eleven cells (,Fig. 11). 
In all these, there was a well defined basal 
portion consisting of a creeping filament 
(Figs. 10, 11, 15). The cells of the erect 
filament in all the germlings of the species 
were as long as they were broad or even 
longer, except where a cell had divided 
but recently. The appearance of the 
germlings, therefore, was in contrast to 
that of the germlings of C. hookeri as well 
as those of C. chalybeus and C. tyengarii. 
In older thalli of C. corinaldii, however, 
the cells of the uniseriate filaments were 
discoid ( Fig. 12). 

A few young thallı of C. corinaldii were 
observed in the herbarium specimen and 
in some of these more than one erect fila- 
ment arose from the basal prostrate por- 
tion (Fig. 16). This was not due to a 
coalescence of more than one germling, 
but was a case similar to that in C. 
ivengarü. 

The germlings of C. chalybeus were more 
like those of C. hookert and C. ivengarii 
in that the erect filament consisted of cells 
which were broader than long ( Figs. 9, 
17). The youngest germling had a single 
erect filament of three cells arising from a 
short creeping filament. Older plants of 
this species showed more than one erect 
filament arising from the basal prostrate 
portion. Therefore, in this respect, this 
species resembles both C. corimaldi and 
C. iyengarüi. However, it differs from the 
latter two speciesin showing numerous pro- 
liferations in the form of curved hook-like 
branches from the bases of the erect axes. 

Table 1 gives measurements of cells for 
all the specimens of the four species con- 
sidered in this paper. 

It was pointed out earlier by the writer 
(Krishnamurthy, 1953) that in C. iyen- 
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Fics. 1-12 — Figs. 1-8. Compsopogon hookeri. 
Fig. 1. A spore after liberation. Fig. 2. The 
spore showing flattening at surface of contact 
with substratum, seen in side view. Fig. 3. A 
young germling consisting of a creeping filamen t 
of three cells, side view. Fig. 4. A similar three 
celled germling i in surface view. Fig. 5. A pros- 
trate filament with short branches in surface 
view. Figs. 6-8. Stages in the development of 
the erect filament. Fig. 9. A germling of Comp- 
sopogon chalybeus. Figs. 10-12. Compsopogon 
corinaldii. Figs. 10, 11. Two germlings at dif- 
ferent stages of development. Fig. 12. A portion 
of the uniseriate filament of an older thallus. 


garii, the prostrate filament produces 
several erect filaments in succession and 
that the adult thallus shows a basal 
attaching disc of a diameter of up to 450u. 
The condition in C. corinaldi and C. chaly- 
beus is similar, only the basal disc is 
less extensive and comparatively few erect 
filaments are produced. In C. hookeri, 
the thallus consists of a single erect axis 
and the attachment is by means of rhi- 
zoidal outgrowths produced by the lower- 
most cells of the erect axis, 


BiGs: 13-17. Biss. 123: 14 Compsopogon hookeri. Bios, Microphotograph of a three celled 
germling in side view. Fig. 14. Microphotograph of a young germling with an erect filament of four 
cells (two cells not in focus). Figs. 15, 16. Compsopogon corinaldii. Fig. 15. Microphotograph of 
the basal portion of a germling. Fig. 16. Microphotograph of a young plant with three erect 
filaments arising from a common base. Fig. 17. Microphotograph of a germling of Compsopogon 
chalybeus. (All photographs. » 500 ). 


In the literature, reference to the mode _ basal portion. 
of attachment of Compsopogon is made by by means of rhizoids ( Thaxter, 1900) or 
Thaxter (1900) and by Brühl & Biswas by means of a “ disc of cells ” ( Brühl & 
(1923). All these authors appear to have Biswas, 1923). The species concerned 
noticed only one erect axis arising from the was C. coeruleus ( Balbis ) Mont. 


The attachment is either 
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D a ee ee eee 
TABLE 1 — MEASUREMENTS OF CELLS IN COMPSOPOGON SPP. 


NAME OF SOURCE NUMBER oF ° MEASUREMENTS OF CELLS 
SPECIES GERMLINGS — Ae — 
EXAMINED Creeping Erect Monospores 
filaments* filaments* 
C. iyengarii Culture 20+ 6-13 
: -13UX9-13u 6-10u x 9-13u 12-15 
C. hookeri Culture EN 20+ 6-10 x 6-10u 6-10u x 9-13u. 15-18 
; * Schmitz’s siide 3 6-13u x 12-1614 6-10u x 9-16u. a 
C. corinaldii Schmitz’s slide 8 6-10u x 9-13. 9-13u x 6-10u en, 
Herbarium Paris 6 3-10u X6-10u 9-13u x 6-10u = 
C. chalybeus Herbarium Paris 5 6-10u. x 9-134 6-13u x 9-16 aa 


*Length or height of cells given first. 


eee 


A comparison of the structure of the 
basal portions of these species would sug- 
gest that there are two types of thalli, one 
with a discoid attachment consisting of 
prostrate filaments bearing a number of 
erect axes, and the other with an attach- 
ment composed mainly of rhizoids arising 
from the lower-most cells of a single erect 
axis. It was thought desirable, therefore, 

‘to examine the basal portions of other 
species as well. A specimen of C. coeruleus 
and one of C. ozshit Okamura, both ob- 
tained from the Cryptogamic Herbarium of 
Paris Museum, showed intact basal por- 
tions, and in these, there was but one erect 
axis and the attachment was by means of 
rhizoidal outgrowths. Thus the structure 
in these species is essentially similar to that 
of C. hookert. It may be assumed that the 
early development in these two species 
also gives rise to a short, creeping filament 
and that this remains small as in C. 
hookeri and becomes covered by rhizoidal 
outgrowths. In fact, it may be stated 
that the mode of germination of the spore 
is similar in all species of Compsopogon and 
it may be regarded as characteristic of the 
genus that the spore germinates to pro- 
duce a short creeping filament which may 
branch and the adult thallus arises from 
this as one or more erect filaments which 
are uniseriate to begin with. In subse- 
quent stages of development, differences 
are noticed in two groups of species. In 
one, a single erect filament is produced 
which branches and composes the adult 
thallus and in the other, several erect 
filaments arise from the basal creeping 
filaments. This character may well form 


the basis for classifying the species of this 
genus. 

The development of the species of Comp- 
sopogon studied in culture (C. iyengariüi and 
C. hookert ) shows features of considerable 
morphogenetic interest. When the spore 
germinates, on coming into contact with a 
substratum, its surface of contact becomes 
flattened. Ifa contact stimulus is involv- 
ed, as seems probable, a basipetal, i.e. a 
polarized movement of metabolic sub- 
stances may be set up in the protoplasm. 
The fact of observationis that the attached 
spore grows basally and laterally. Con- 
sequent on this characteristic enlargement 
of the spore, division takes place by walls 
which are slightly oblique to the vertical 
plane and a short, septate creeping fila- 
ment results. The disposition of the parti- 
tion walls is such as to maintain equili- 
brium of the enlarging cell, in conformity 
with Errera’s Laws ( Errera, 1886) and a 
symmetrical form is the result. The short 
creeping filament may soon branch and 
the branches radiate, thus maintaining the 
symmetry of form laid down in the early 
divisions. Since the radial system of fila- 
ments forms the attaching disc, the pat- 
tern of germination comes within the defi- 
nition of the “ attaching disc” type of 
Kylin (1917). The symmetry of this 
attaching disc is further emphasized by 
the origin of the erect filament from the 
more centrally situated cell. With the 
vertical elongation of this cell, a strong 
growth centre is established leading to the 
development of the adult thallus. The 
initiation of this erect filament curtails 
further extension of the creeping filaments 
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which, therefore, remain small. In fact, 
the attachment of the thallus is subse- 
quently augmented by a rhizoidal develop- 
ment. 

The erect filament is at first uniseriate, 
but in later stages the cells, a little distance 
from the apex, enlarge and divide, forming 
a peripheral layer of small cortical cells. 
This involves a lateral expansion of the 
thallus. The distal part of the filament 
remains uniseriate and the cells of this 
region contribute to the growth in length 
of the filament. As any or all of the cells 
in this region are capable of division in a 
transverse plane, it constitutes a growing 
region. The lowermost few cells of the 
erect filament do not form a cortical layer 
but only bear rhizoids as tubular exten- 
sions at the lower ends. These rhizoid- 
bearing cells are delimited early in the de- 
velopment of the erect filament, before 
the formation of the corticated portion of 
the filament. Thus, the erect filament 
consists of three regions: the growing re- 
gion, the corticated region and the rhi- 
zoidal region. A strikingly analogous 
condition to higher plants thus exists so 
far as the general developmental pattern 
of this alga is concerned. 

When observations on C. iyengarii were 
published (Krishnamurthy, 1953), the 
species was left unnamed as the writer did 
not have access to comparable material 
of the known species and the published 
descriptions were too inadequate to help 
in reliable identification. Recently, the 
writer was able to examine type or other 
authentic specimens of all the species so far 
described except C. fuscatus Zan. which 
has not been available from any source, 
and is satisfied that the species described 
by him is new. It is here named after 
Professor M. O. P. Iyengar, as a humble 
tribute from the writer. A diagnosis is 


given below. (For illustrations see 
Krishnamurthy, 1953.) 
Compsopogon iyengarii spec. nov.— 


Thallus with a discoid prostrate portion, 
450u in diameter, from which arise a 
number of erect, sparsely branched fila- 
ments; erect filaments up to 20 cm in 
length, 120-2504 in thickness in older 
parts; branches few, filiform and making 
a small angle with the main axis; younger 
parts of filaments uniseriate with discoid 
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cells, 12-164 wide and 6-10u long; older 
parts of filaments with an axial row of 
large cells surrounded by one or more 
layers of cortical cells; outermost cortical 
cells in surface view 8-16y across, inner 
cortical cells progressively larger; axial 
cells in very old filaments breaking down 
and replaced by the enlarged cells of the 
inner cortex ; chromatophores several, oval 
to oblong or elongate and thread-like, 
parietal in position; monospores 12-15y in 
diameter. 

Hab.— In flowing water in the river 
Adyar near Madras. Type —in Herb. 
Krishnamurthy, No. 20, at Presidency 
College, Madras. R 

Compsopogon ıyengarıı spec. NOV.— 
Thallus portione discoidea prostrata, usque 
ad 450, diam., ex quo nonnulla filamenta 
erecta, sparse ramosa surgunt; filamenta 
erecta ad 20 cm longa, 120-250y lata in 
partibus maturioribus; ramuli rari, fili- 
formes atque angulum parvum effor- 
mantes cum axi principali; partes juniores 
filamentorum uniseriatae, cellulis discoi- 
deis 12-16y. latis atque 6-10y altis; partes 
maturiores filamentorum serie axiali cellu- 
larum amplarum strato simplici vel duplici 
cellularum corticalium circumdata; cel- 
lulae corticales externae aspectu super- 
ficiali 8-16. diam.; internae vero pro- 
gressive maiores; cellulae axiales in vetu- 
stioribus filamentis deficientes atque sub- 
stitutae cellulis internis corticis ampli- 
ficatis; chromatophori nonnulli, ovales 
vel oblongi vel elongati atque filiformes, 
parietales; monospori 12-15y in diam. 

Typus lectus in aque fluente in fluvio 
Adyar prope urbem Madras et positus in 
herbario Krishnamurthy in Presidency 
College, Madras, sub numero 20. 

This species can be distinguished from 
all other species of Compsopogon by the 
following combination of characters:? the 
broad discoid prostrate portion with 
several erect filaments arising from it, the 
relatively few branches arising from the 
main axis and the comparatively small 
celled cortex. C. hookeri, C. coeruleus and 
C. oishir have very robust, much branched 
thalli, and are attached by rhizoids de- 
veloped at the base of the single erect 


2. A key to the identification of the Species 
of Compsopogon is being given in a paper 
under preparation. 


1957 ] 


axis. The main axis in these species grows 
to a thickness of 2 mm. C. iyengarü is 
obviously very different in all these res- 
pects. C.leptoclados Mont.,C. aeruginosus 
( J. Ag.) Kütz., C. chalybeus and C. cori- 
naldii, all possess freely branched thalli 
while C. iyengarii is sparsely branched. C, 
fuscatus has not been seen by the writer, 
but is reported to be a very small plant 
(De Toni, 1897), the largest specimen 
being only 2-5 cm in height. The size of 
the cortical cells is smaller in C. iyengarii 
than in all other species. 


Summary 


An account of the early stages of de- 
velopment in Compsopogon hookeri Mont., 
C. corinaldii (Menegh.) Kütz. and C. 
chalybeus Kiitz. is given and they are com- 
pared with those of C. vyengarit spec. nov. 
In all four species, the spore germinates to 
give rise to a short, sometimes branched, 
creeping filament from which one or more 
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erect filaments arise according to the 
species concerned. Morphogenetic aspects 
of the development of C. ivengarii and C. 
hookeri are considered. A diagnosis of C. 
vyengarit is given and it is followed by a 
brief discussion of this species. 

The writer is grateful to the following 
for the loan of type or other authentic 
material of Compsopogon spp.: M. Michel 
G. Denizot, Cryptogamic Herbarium, Mu- 
suem National d’Histoire Naturelle, Paris, 
Dr Tycho Norlindh, Botaniska Museum, 
Lund, Dr J. Th. Koster, Rijksherbarium, 
Leiden, Dr F. Drouet, Natural History 
Museum, Chicago, and Dr I. M. Lamb, 
Farlow Herbarium, Cambridge, Mass., 
U.S.A. The writer is grateful to the late 
Dr K. M. Drew-Baker and Professor 
C. W. Wardlaw for valuable suggestions 
and helpful criticism in the preparation of 
this paper. To Rev. H. Santapau, he is 
indebted for the latin diagnosis and to 
Mr E. Ashby for the photographs repro- 
duced in this paper. 
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THE MODE OF EMBRYO SAC DEVELOPMENT IN OPUNTIA 


AURANTIACA LINDE. — 


A REINVESTIGATION 


R. N. CHOPRA 
Department of Botany, University of Delhi, Delhi, India 


The life history of Opuntia aurantiaca 
has been investigated by Archibald (1939), 
who gave an illustrated account of the 
development of ovule and suggested the 
term circinotropous for its orientation. 


According to her, after the first division 
of the megaspore mother cell the lower 
dyad cell divides to give rise to a row of 
three cells. The micropylar dyad cell then 
forms an 8-nucleate bisporic embryo sac 


Fics. 1-7 — Opuntia aurantiaca. 
seated megaspore mother cell; note the multilayered nucellar tissue along the sides. 
cells of which the upper one is markedly smaller than the lower. 


cell is dividing while the upper is degenerating. 
degenerating dyad while the lowest is the functional megaspore. 


three megaspores degenerating. 


corresponding to the Allium type. The 
difference is that here it is the micropylar 
and not the chalazal dyad cell which 
functions. Adventive embryos are re- 
ported to develop from the nucellus in the 
absence of fertilization or endosperm 
formation. And since there is no parallel 
casel, she regards it as a new type of 
adventive embryony. 

Of the characters reported by Archibald, 
the orientation of the ovule, the presence 
of air space between the inner and outer 
integuments, the massive nucellus and the 
well developed papillae on the funiculus 


1. Although nucellar embryos are initiated 
in some plants without the stimulus of pollination 
and fertilization, their further growth is mostly 
dependent upon endosperm formation ( see 
Hakansson, 1953 ). 


Megasporogenesis. 


Fig. 7.“ Triad’ with two nucellar cells below it. 


Fig. 1. L.s. nucellus showing deep- 
Fig. 2. Dyad 
Fig. 3. Same; the lower dyad 
‘Triads’; the uppermost cell is the 
Fig. 6. Tetrad with the upper 


All Figs. x 766. 


Figs. 4, 5. 


fall in line with the condition in other 
members of the Cactaceae. However, the 
occurrence of a bisporic embryo sac and 
the development of adventive embryos in 
the absence of endosperm are features not 
encountered elsewhere in the family. 

With regard to the mode of embryo 
sac development, P. Maheshwari ( 1950) 
writes: “.. . her figures are not convincing 
and it seems that the development is really 
of the Polygonum type as in the other 
Cactaceae.”’ In a critical review on the 
occurrence of bisporic embryo sacs in an- 
giosperms, S. C. Maheshwari ( 1955 ) places 
Opuntia aurantiaca under ‘ Excluded or 
Doubtful Cases ’. Some other members of 
the Cactaceae in which the development 
of female gametophyte has been studied 
are: Phyllocactus ( d’Hubert, 1896), three 
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species of Rhipsalis (Mauritzon, 1934), 
Pereskia amapola var. argentina ( Neu- 
mann, 1935) and Opuntia dillenii ( Tiagi, 
1954; Maheshwari & Chopra, 1955). A 
normal tetrad of megaspores is formed in 
Pereskia, while in Rhipsalis a ‘ triad’ has 
been reported. Opuntia dillenii shows 
both ‘triads’ and tetrads. In all these 
cases, however, it is the chalazal mega- 
spore which forms an 8-nucleate embryo 
sac of the Polygonum type. In Phyllo- 
cactus d’Hubert (1896) reported Adoxa 
type, but its validity has already been 
questioned by Mauritzon (1934) and P. 
Maheshwari ( 1946 ). 

An endosperm has been observed in all 
the other investigated species of the 
Cactaceae (see Ganong, 1898; Huber, 
1929; Mauritzon, 1934; Maheshwari & 
Chopra, 1954, 1955). So, the report of 
its absence in Opuntia aurantiaca needs 
further substantiation. 

The present reinvestigation was under- 
taken at the suggestion of Professor P. 
Maheshwari. The material was very 
kindly provided by Miss E. E. A. Archi- 
bald herself. The first part of the study 
has been completed and the results are 
summarized below. With the material so 
far available, it has, however, not been 
possible to settle the issue of adventive 
embryos maturing in the absence of endo- 
sperm tissue. 

The earliest stage observed showed a 
deep-seated megaspore mother cell ( Fig. 1). 
At this time the nucellar epidermis has 
already divided to form a multilayered 
tissue except at the tip where some of the 
cells elongate quite considerably without 
undergoing any division. The megaspore 
mother cell produces two dyad cells of 
which the chalazal one is usually larger 
(Fig. 2). In the majority of the cases 
it is only the lower dyad cell which divides 
further ( Fig. 3), so that a row of three 
cells is formed ( Figs. 4,5). Some of my 
preparations showed a linear tetrad of 
megaspores ( Fig. 6 ), indicating that even 
the upper dyad cell may divide at times. 
In any case it is the chalazal megaspore 
which develops further, while the upper 
three megaspores or one megaspore and 
the undivided dyad cell degenerate. The 
functioning megaspore passes through the 
the usual 2-, 4- and 8-nucleate stages, 
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finally giving rise to the mature embryo 
sac with a normal organization. À 

On a careful study of Archibald’s ( 1939 ) 
figures I feel convinced that she saw only 
the earliest stages and completely missed 
the actual formation of ‘triads’ and 
tetrads. In her Figure 17 (reproduced 
here as Figure 12), the so-called func- 
tioning micropylar dyad cell (md) is 
actually a megaspore mother cell. The 


A 


Fics. 8-12 — Figs. 8, 9. Opuntia dillenii ( Figs. 
14 and 15 respectively from Maheshwari & 
Chopra, 1955). Fig. 8. L.s. nucellus with a 
young megaspore mother cell and the primary 
parietal cell. Fig. 9. Same, showing the mega- 
spore mother cell and two parietal cells. The 
peripheral multilayered tissue has been formed by 
divisions of the nucellar epidermis. Fig. 10. 
Rhipsalis cassytha ( Fig. 4F of Mauritzon, 1934 ) 
Nucellus with ‘triad’. Fig. 11. Pereskia amapola 
var. avgentina (Abb. 4 Fig. 4 of Neumann, 1935). 
The megaspore mother cell (sa) after the forma- 
tion of cover cells (d). Fig. 12. Opuntia auran- 
tiaca ( Fig. 17 of Archibald, 1939). The cell md, 
interpreted by Archibald as micropylar dyad 
cell, is really the megaspore mother cell; the 
two cells msp, interpreted as megaspores, are 
nucellar cells, 
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two underlying cells (msp ), interpreted 
by her as megaspores, belong to the 
nucellus. I found the condition of the 
nucellar epidermis to be a useful help in 
my interpretations. At the time of dif- 
ferentiation of the megaspore mother cell, 
all the cells of the nucellar epidermis are 
alike, as observed by Maheshwari & Chopra 
in Opuntia dillenii ( Fig. 8 here ) and Neu- 
mann in Pereskia ( Fig. 11 here). Soon 
after, the epidermal cells, excepting those 
situated just at the tip, undergo periclinal 
divisions to form a multilayered tissue. 
The cells at the tip elongate, and mostly 
remain undivided. In Opuntia aurantiaca 
such a development occurs even before the 
megaspore mother cell divides ( Fig. 1), 
which is also paralleled in Opuntia dillenit 
(Fig. 9). In any case this condition is 
quite characteristic of the family by the 
time of ‘ triad’ formation (see Fig. 10 of 
Rhipsalis ). Using this feature as a guide, 
it is clear that the nucellus in Fig. 12 
cannot show a stage more advanced than 
the megaspore mother cell. 
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The question may arise as to how a 
megaspore mother cell could have been 
mistaken for an upper undivided dyad cell. 
I have observed that one or two nucellar 
cells situated just below the megaspore 
mother cell or its derivatives, frequently 
lie in line with the sporogenous cells 
(Fig. 7). Thus one could mistake the 
megaspore mother cell for the upper dyad 
cell and the nucellar cells for the mega- 
spores produced by the lower dyad cell. 
A study of later stages, however, in which 
the chalazal functioning megaspore is 
observed with two or three degenerating 
cells at its top, leaves no doubt that the 
embryo sac in Opuntia aurantiaca is of the 
Polygonum type and not of the Allium type 
as reported earlier by Archibald ( 1939). 

I take this opportunity to express my 
gratitude to Professor P. Maheshwari 
under whose guidance this study was 
carried out. Thanks ‘are due to Miss 
E. E. A. Archibald who very kindly 
provided the material on which the present 
investigation is based. 
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KATHLEEN M. DREW 


MARY G. CALDER 


Department of Cryptogamic Botany, Manchester University, England 


The death took place in Manchester on 
September 14, 1957, of Dr Kathleen M. 
Drew (Mrs Wright Baker), the well- 
known phycologist. One of.the most 
distinguished modern workers in the field 
of the red algae, Dr Drew had spent most 
of her academic life in the Department of 
Cryptogamic Botany in the University of 
Manchester, where she graduated in 1922, 
and received the degree of D.Sc. in 1939. 
As one of the earliest of the Commonwealth 
Research Fellows, Dr Drew spent two 
years in the United States, chiefly at the 
University of California; here some of her 
earlier systematic studies were carried out, 
and her first substantial monograph, “ A 
Revision of the Genera Chantransia, 
Rhodochorton, and Acrochaetium’’, was 
published in 1928 in the University of 
California Publications in Botany. Later 
studies of this period — for example, those 
of Spermothamnion and Plumaria — show 
the development of the difficult cytological 
techniques which formed an essential part 
of her later work. 

Dr Drew successfully maintained her 
interests in the red algae alongside those 
of her very happy family life after her 
marriage with Professor H. Wright Baker. 
Her review of the nuclear and somatic 
phases in the Florideae, which appeared in 
1944 in Biological Reviews, marked the 
beginning of the next period of her work, 
where she introduced cultural and experi- 
mental methods into studies of life-histo- 
ries and inter-relationships in the Rhodo- 
phyceae. The identification of Conchocelis 
yosea as a deep-water, shell-inhabiting 
phase in the life history of Porphyra um- 
bilicalis was one of the most interesting 
results of the latter years of her work. 

Much of the experimental work on which 
Dr Drew was engaged must remain un- 
finished; but her numerous publications 
have appeared in many scientific journals, 
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including Phytomorphology, to which she 
was an early subscriber. Though we shall 
not now have the wider expression of her 
views which she was planning to incor- 
porate in a book, there is already a series 
of reviews which she contributed to this 
journal, to the Botanical Review and 
Biological Reviews, and to the “‘ Manual of 
Phycology’, which have from time to 
time indicated her interpretation of current 
trends in the study of the red algae. 
Among her research students, who came 
from many parts of the world, are no 
doubt those who will carry on her tradition 
of critical and exacting work in this very 
difficult field. 

Dr Drew frequently attended inter- 
national congresses, often as an invited 
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speaker; and she was one of the prime 
movers in the formation in 1952 of the 
British Phycological Society and was its 
first president. Herself a worker of ex- 
ceptional integrity of mind and purpose, 
she gave unsparingly of her advice and 


INDEX TO PLANT CHROMOSOME NUMBERS 


PHYTOMORPHOLOGY 


help in a variety of fields. Her practical 
and kindly approach to the problems of 
research workers was particularly appre- 
ciated by overseas students, to whom also 
her hospitality and friendship were of 
especial value. 


The need for up-to-date coverage of the literature dealing with plant 
chromosome numbers has led to an undertaking designed to compile and 
publish in annual instalments a chromosome index for the entire plant 


kingdom. 


This is being done by a group of botanists who are reviewing some 
two hundred journals and are listing all original chromosome counts 
occurring therein, except those resulting from endopolyploidy or deviating 


because of experimental treatment. 


The Index, compiled from the journals of a single year, will be 
published annually within the shortest possible time after the last issue 


of each journal is available. 


In addition, there is planned a supplement 


containing counts published in previous years, but hitherto not indexed. 
Each issue of the Index will contain a complete bibliography for the 


counts included in that number. 


The first issue, in part supported by a grant from the University 
Research Council of the University of North Carolina, will be ready for 


distribution in May 1958. 


It will cover the 1956 journals, from which 
over 2000 listings have been taken. 
process on 8411 inch paper, punched for loose-leaf binders. 


It is being produced by off-set 
The price 
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of copies to print. 


Orders must be accompanied by payment and may 
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Carolina, Chapel Hill, North Carolina. 


Further information can be obtained from Marion S. Cave, Research 


Associate, Department of Botany, University of California, 


California. 
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TROLL, W. 1954 and 1957. “ Praktische 
Einführung in die Pflanzenmorpho- 
logie.” Erster Teil: ‘“‘ Der Vegetative 
Aufbau.” Pp. 258. 15:60 DM. Zweiter 
Teil: “Die Blühende Pflanze.” Pp. 
420. 26-40 DM. VEB Gustav Fischer 
Verlag, Jena. 


In 1944 the entire stock of the author’s 


newly-revised ‘‘ Vergleichenden Morpho- - 


logie der höheren Pflanzen ’’ was destroyed 
in an air raid. This misfortune led the 
author to expand his original text to 
include type concepts of the vegetative 
structure and floral morphology of the 
angiosperms in two separate volumes. In 
his introduction the author states that the 
basic material for the present work was 
successfully utilized in twenty years of 
teaching an elementary course in morpho- 
logy and systematics. Emphasis is placed 
on the assumption that all groups of 
organisms possess a basic plan of organi- 
zation, termed the type or “ Urbild ”. 
This concept has been referred to as the 
“Prinzip der Urbildlichkeit’’, and is 
utilized by the author throughout his text. 

Volume I is concerned with the vegeta- 
tive organs and includes thirty-eight 
chapters on such subjects as: the basic 
form of seed plants, seed and embryo 
structure, seedlings, rosette formation, leaf 
types and phyllotaxy, primary growth, 
formation of lateral branches, short shoots, 
monopodial and sympodial branching, 
rhizomatous plants, and fleshy storage 
organs. 

Volume II contains thirty-seven chap- 
ters divided into two major sections — the 
first on the developmental and descriptive 
morphology of floral organs, and the 
second on types of inflorescences and their 
mode of development. 

Both volumes are profusely and beauti- 
fully illustrated, and the choice of illustra- 
tions covers almost all possible aspects of 
plant morphology. The text material is 
essentially descriptive, and no attempt is 
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made to include a discussion of the various 
theories concerning the interpretations of 
vegetative and floral organs. Indeed, the 
reviewer ( aware of Troll’s leadership in the 
“school ’ of peltate morphology ) was sur- 
prised to find peltation mentioned but 
once in the two volumes. Furthermore, 
this single instance was in connection with 
a conventional description of leaf forma- 
tion in the nasturtium ( Tropaeolum ). 
The price of these two volumes is quite 
reasonable, considering the excellent grade 
of paper and the number of illustrations 
used. The volumes will undoubtedly be- 
come standard references in morphology 
for advanced students with a knowledge 
of German, as well as for all professional 
botanists. 
J. E. CANRIGHT 


TAYLOR, W. R. 1957. “ Marine Algae 
of the Northeastern Coast of North 
America.’ Second revised edition. 
Pp. 509. The University of Michigan 
Press. $12.50. 


THE second revised edition of this book, 
after two decades of the first edition, is a 
distinct improvement in many respects. 
It is sure to be welcomed by algologists 
engaged in the collection, preservation 
and identification of marine algae of the 
temperate and arctic regions of the world 
and would certainly find a respectable 
place on the book-shelves of the libraries 
of all tropical and subtropical countries. 
The general arrangement of the subject 
matter remains the same. The changes 
introduced in classification and nomen- 
clature are primarily due to the recent 
publications of Kylin, Fritsch, Papenfuss, 
Blum, Christensen, Thivy, Doty, Drew 
and Professor Taylor himself, resulting in 
additional information at the generic as 
well as specific level. The most signifi- 
cant and boldest departure from the pre- 
vious edition is the transference of the 
genus Vaucheria from the Chlorophyceae 
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to Heterosiphonales of Xanthophyceae. 
While it is true that the position of 
Vaucheria is controversial it is worthwhile 
to remember the note of caution raised by 
late Professor Fritsch at the International 
Congress in Paris (1954) which he was 
never destined to attend: ‘‘ Various autho- 
rities have lately referred Vaucheria to 
Xanthophyceae which would occupy as 
anomalous a place as among the sipho- 
neous green algae. I am not satisfied that 
such a transference is warranted since 
at least some of the evidence in its support 
is unsatisfactory.”’ The reviewer, how- 
ever, is happy to note that no attempt 
has been made by Professor Taylor to 
raise the various classes of algae to the 
status of Phyla as has been the practice 
with some algologists of the present day. 
The affinities between different classes of 
algae are not very clear and much work is 
needed on the details of pigmentation and 
metabolic products before a definite step 
can be taken to change the existing classi- 
fication. The caution exercised by Pro- 
fessor Taylor is commendable. 

Major changes in the details of classi- 
fication and nomenclature appear in Ecto- 
carpales and Chordariales of Phaeophy- 
ceae, Nemalionales of Rhodophyceae and 
Ulotrichales of Chlorophyceae. The key 
to families has been revised in Ulotri- 
chales, Punctariales, Fucales, Nemalio- 
nales and Gigartinales; key to genera in 
Ectocarpaceae, Dictyosiphonaceae, Chan- 
transiaceae, etc; and to species in Ento- 
cladia, Monostroma, Vaucheria, Ectocar- 
pus, Stictyosiphon, Laminaria, Sargassum, 
Acrochaetium, Phyllophora, etc. Improve- 
ments have been made in the descriptions 
of families ( Ulvaceae, Sphacelariaceae ), 
genera ( Gomontia, Monostroma, Urospora, 
Sphacelaria, Pylaiella, Chaetopteris, Halop- 
teris, Cladostephus, Tilopteris, Ascocyclus, 
Giraudea, Leathesia, Stilophora, Desmares- 
tia, Arthrocladia, Striaria, Myriotrichia, 
Asperococcus, Dictyosiphon, Nemalion, 
Euthora, Halosaccion, Champia and Chon- 
dria) and a large number of species, includ- 
ing Monostroma leptodermum, M. fuscum 
f. blytii, M. pulchrum, M. oxyspermum, 
Spongomorpha spinescens, and Bangia 
fuscopurpurea in the light of more recent 
findings. Unnecessary details, which have 
no bearing on taxonomy, have been 
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omitted. Changes have been made in the 
names of families ( Punctariaceae for As- 
perococcaceae, Gomontiaceae for Trente- 
pohliaceae ), genera ( Urospora for Hor- 
miscia, Eudesme for Aegira, Sphaerotrichia 
for Mesogloia, Saccorhiza for Phyllaria, 
Dictyosiphon for Gobia) and in large 
number of species, and many species and 
varieties of the genus Monostroma have 
been merged. The families Ralfsiaceae, 
Lithodermataceae of Ectocarpales and 
Stilophoraceae of Punctariales have been 
brought under Chordariales. The genus 
Punctaria has been removed from the 
Asperococcaceae to an independent family 
Punctariaceae. The genus Acrothrix has 
been removed from Desmarestiaceae and 
assigned to the Acrothricaceae of Chorda- 
riales. Several species of Ectocarpus (E. 
ovatus, E. granulosus, E. secundus, E. 
mitchellae and E. sandrianus ) have been 
transferred to the genus Giffordia (as G. 
ovata, G. granulosa, G. secunda, G. mitchel- 
lae and G. sandriana, respectively ) and 
another species of Ectocarpus ( E. effusum ) 
has been transferred to Streblonema (as S. 
effusum ). The genus Colaconema of Ban- 
giales has been transferred to Acrochaetia- 
ceae of Nemalionales. Some species of 
Acrochaetium (A. compactum Jao, A. 
moniliforme var. mesogloiae Jao, A. uni- 
filum Jao, A. secundatum (Lyngbye ) 
Nageli, A. virgatulum f. luxurians ( J. 
Agardh ) Collins and A. alariae ( Jonsson ) 
Bornet have been transferred to the genus 
Kylinia (as K. compacta ( Jao) Papen- 
fuss, K. moniliformis var. mesogloial ( Jao ) 
n. comb., K. unifila, (Jao) Papenfuss, 
K. secundata (Lyngbye) Papenfuss, K. 
virgatula f. luxurians (J. Agardh) Collins, 
and K. a lariae, ( Jonsson ) Kylin and one 
species of Acrochaetium | A. efflorescens 
( J. Agardh ) Nägeli | has been transferred 
to the genus Audouinella as A. efflorescens 
(J. Agardh) Papenfuss. Similarly a 
species of Rhodochorton ( R. membranaceum 
Magnus ) has been kept under the genus 
Audouinella (as A. membranacea ( Mag- 
nus) Papenfuss. To the Gigartinales 
another family Furcellariaceae has been 
added. Two species of Plumaria [{ P. 
pectinata (Gunner) Ruprecht and P. 
plumosa (Hudson) Kuntze] have been 
transferred to Ptilota as P. serrata Kützing 
and P. plumosa ( Hudson ) C. Agardh. 
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The range of geographical distribution 
of a number of forms ( Codiolum gregarium, 
Ulothrix flacca, Gomontia polyrhiza, En- 
teromorpha cruciata, E. clathrata, Monos- 
troma pulchrum, M. oxyspermum, Fucus 
filrformis, Goniotrichum alsidii and several 
others ) has been extended. Keys to the 
families of Fucales, to species of Chloro- 
coccum, Phaeophila, Ochlochaete, Hecato- 
nema, Petrocelis, etc., and a new set of 
characters for the family Acrothricaceae 
have also been added. The uniform use of 
specific names with small letters is welcome. 
Full names of the authors of the species 
replace the abbreviations given in the first 
edition. Doubtful details in the descrip- 
tion of genera and species have been omit- 
ted and the bibliography shortened and 
brought up to date by omitting the ear- 
lier references of Sauvageau, Svedelius, 
Kuckuck, Kylin, Foslie, Borgesen, Blatters 
and Föyn, etc., and adding some later 
publications. A technique of staining thin 
sections of Laminaria, even when muci- 
lage ducts are present, has been described. 

It must, however, be stated that some 
drawbacks and omissions exist even in 
this edition. There is no key to the 
families of Ectocarpales, nor any reference 
to Streblonema sphaericum and the dimen- 
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sions given of the plurilocular sporangia of 
Mikrosyphar porphyrae are probably in- 
correct. Although a large number of addi- 
tional records [ Chlorococcum endozoicum 
Collins, Phaeophila engleri Reinke, Ecto- 
chaete taylori Thivy, Entocladia testarum 
Kylin, Ochlochaete lentiformis Huber, Di- 
plochacte solitaria Collins, Enteromorpha 
prolifera var. flexuosa ( Wulfen ) Doty, 
Vaucheria minuta Blum et Conover, V. 
arcassonensis Dangeard, V. coronata Nords- 
tedt, V. intermedia Nordstedt, V. sphaeros- 
pora Nordstedt, Laminaria cuneifolia J. 
Agardh, L. nigripes J. Agardh, Sargassum 
hystrix var. buxifolium (Chauvin) J. 
Agardh, Furcellaria fastigiata ( Hudson ) 
Lamouroux and Petrocelis polygyna ( Kjel- 
Imam ) Schmitz | have been incorporated 
and the plants described, no illustrations 
have been given. Improvements could 
also be made in the Index. 

In spite of the above drawbacks the 
book is of considerable value in the identi- 
fication of marine algae and will remain 
useful for a long time to come. 

The paper, printing, and binding are 
excellent and the illustrations are of high 
standard; only the price is rather excessive 
for most pockets. 

V. P. SINGH 
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SUGGESTIONS 


1. Unless confusion would otherwise arise, 
the author’s name should appear as initials ( but 
female authors may use one given name in full ) 
and surnames only, without titles or suffixes. 
The name and address of the laboratory where 
the work was performed should be noted imme- 
diately below authors name. Any necessary 
descriptive material regarding the author, e.g. 
Senior Fellow, National Institute of Sciences, 
India, or details of financial support, should 
appear as a footnote on the first page, or prefer- 
ably in the acknowledgements at the end of 
the paper. 

2. Articles will be received only from members 
of the International Society of Plant Morpho- 
logists and may be written in English, French or 
German. Although no definite limit can be laid 
down, papers should not ordinarily exceed 20 
printed pages. While it is recognized that full 
detail is essential in many cases, a good many 
articles can be shortened by changes in wording, 
by avoiding a description of what is already well 
known, and by elimination of repetition. 

3. Authors are requested to examine this copy 
of Phytomorphology to note the general organiza- 
tion, position of headings, punctuation and abbre- 
viations in order to bring the script into conformity 
with the general style of the journal. Footnotes 
should be numbered consecutively as 1, 2, 3, etc. 

4. In many manuscripts sent to the editors, 
footnotes, bibliographies, descriptions of figures, 
etc., aretypedsinglespaced. Since such material 
requires as much editorial marking as the rest, au- 
thors are urged to use double spacing throughout. 

5. Literature citations are to be typed double 
spaced like rest of the manuscript. Give com- 
plete citation: author, year, title, name of journal, 
volume number and inclusive pages. In abbre- 
viating names of journals follow ‘“ World List of 
Scientific Periodicals ’’, or the ‘“ U.S. Department 
of Agriculture list of abbreviations’’, or the 
list given in Biological Abstracts. The words 
‘Indian’ and ‘ Indiana’ should not be abbre- 
viated. A sample citation is given below: 
STOKEY, À. G. 1948. The gametophyte of Actini- 

opteris australis. J. Indian bot. Soc. 27 : 40-49. 

6. The patterns of headings should be as simple 
as possible and not more than three classes are 
to be used. Headings of the first class should be 
underscored with a bold wavy line, of the second 
with two parallel straight lines and of the third 
with a single straight line. 

7. Drawings should be made with pen and 
undiluted India ink for reproduction by the zinc 
etching process. Group as many drawings as 
possible and mount them close together on heavy 
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white cardboard for reduction to the width of a 
single column (6 cm ) or to the full width of the 
page (13cm). A part or all of the length of the 
page (20 cm) may be utilized but it would be 
helpful if some space is left at the bottom to per- 
mit insertion of legend below the figures. It is 
not possible to accept loose figures or figures so 
mounted as to leave large unused spaces between 
them. Author’s name and figure number must 
be written on the back of each mount. Do not 
affix legends to the figures but type them double 
spaced on a separate sheet. Photographic prints 
should be glossy with strong contrasts. Line 
drawings will be preferred, however, both because 
of the lower cost of reproduction and their rela- 
tive clearness. When submitting manuscript, give 
the original magnifications of the illustrations. 
These will be revised later in accordance with the 
reduction to which the figures are subjected in 
reproduction. Alternatively give a dimensional 
scale in microns or mm for each figure or for 
each group of figures differing in magnification. 

The thickness of the lines and dots should be 
planned with the desired reduction in mind; it is 
also important to calculate the requisite spaces 
between lines and dots. 

Illustrations (including tables and graphs ) 
should not exceed 20 per cent of the text; authors 
of more copiously illustrated articles may be 
asked to pay for the excess. 

8. Latin names of plants should be used in all 
cases in preference to common names, and when 
a plant is comparatively little known, the name 
of the family should be given in brackets. Un- 
derline both generic and specific names through- 
out the manuscript. Specific names should 
always be written with a small letter. 

9. Place all acknowledgements at the end of 
the paper just after ‘Summary’ and before 
‘Literature Cited ’. 

10. Itis extremely important that galley proofs 
are promptly returned to the editor. Authors will 
be billed at cost for alterations in proofs other 
than corrections of printer’s errors. It is useful 
to write across top of title page of manuscript 
directions for mailing of proof, thus: Mail proof 
to (author’s name and vacation address, if any ). 
If authors wish to have original illustrations 
returned subsequent to publication, the editor 
should be so informed at the time proof is 
returned. 

11. Order for reprints should be sent to editor 
with corrected galley proof. Type is destroyed im- 
mediately after printing; hence it becomes impos- 
sible to supply reprints after publication of papers. 
Thirty reprints are supplied free to the author. 


